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1995-1998 FCRPS/ Transportati on Bi ol ogi cal Opi ni on

l. | NTRODUCTI ON
A. Backgr ound
1. Factual Context

The National Marine Fisheries Service (NVFS) herein provides its
recommendations, with this biological opinion and its

cont enpor aneous Proposed Snake River Sal non Recovery Pl an’,
constituting a substantial step in a coordinated effort on behal f
of the federal governnent to halt and reverse the declines of
endanger ed Snake Ri ver sal non stocks and other declining Pacific
sal non st ocks. Wil e prepared in response to a reinitiation of
consultation for the Federal Colunbia Ri ver Power Systenl(FCRPSZ
and the order of U S. District Court for the District of Oregon’,
this Biological Opinion is first and forenpst, a commtnent of
the federal governnment to take those steps necessary to inplenent
an ecosystem managenent approach to inproving the |ikelihood of
recovery of the listed species. NWS is cognizant of the

i nportance of the Pacific Salnon to the history of the Pacific
Nort hwest and to its future. This Biological Qpinion, in
conbination with others and the Proposed Recovery Plan, wll
establish those neasures necessary for the survival and recovery
of the listed species, for the benefit of the Northwest Region
and the Nation as a whole.

NMFS, throughout the Proposed Recovery Plan and this Biological
Opi ni on, has taken special consideration of its role in the
federal government’s fulfillnment of the trust relationship with
t he sovereign governnments of the Colunbia River Indian tribes.

1

Proposed Recovery Plan for Snake River Sockeye Sal non, Snake
Ri ver Spring/ Sunmer Chi nook Sal non, and Snake River Fall Chi nook
Sal nron, U.S. Departnent of Commerce, National COceanic At nospheric
Adm ni stration, NVFS, to be released for public conrent in March
1995 (hereinafter referred to as "Proposed Recovery Plan").

> Menorandum of Agreenment on Pacific Sal non Conservation
Wiite House O fice on Environnental Policy, Departnent of conmmerce,
Departnent of the Interior, Departnment of the Interior, Departnent
of the Arny, Departnment of Energy, Departnent of Agriculture, and
t he Environnmental Protection Agency, Cctober 19, 1994.

° ldaho Departnent of Fish and Gane v. National Marine
fisheries Service, No. 93-1420-MA, (March 28, 1994) (hereinafter
I DFG v. NWVFS)




NMFS recogni zes the preferred position of Indian treaty fishing.
The Proposed Recovery Plan will address all sources of sal non
nortality and will include neasures to rebuild the stocks so as
to meet both the requirenents of the ESA and the federal
governnent’s treaty obligations and trust responsibilities to the
I ndi an peopl e, including the opportunity to maximze their sal non
harvests whenever that is consistent with the overall path to
recovery.

Large anounts of time, noney and | abor have been invested in
protecting and rebuil ding Colunbia Ri ver basin sal non and

steel head runs, and still the runs have continued to decline. In
the Pacific Northwest, devel opnent has often proceeded with the
assunption that inproved technol ogy or managenent would nmitigate
i npacts on natural sal non stocks. Unfortunately, the
conservation efforts arising fromthis mtigative approach often
do not share comon objectives and do not ensure the conservation
of natural systens. Regional and state plans present an
assortnment of neasures, sonme of which actually conflict with one
another. It is necessary, now, to establish ecosystem managenent
in the Colunbia River Basin.

The unique life-cycle of the listed Snake River Sal non makes them
singularly vulnerable to a wide variety of hunman activities.

Sal non nmay range thousands of mles during a four or five year
life cycle, disregarding federal, state, tribal and international
managenent regi nes. The enornous range of the Snake River
salnon’s habitat, from high nountain streanms 900 mles inland to
At ka Islands of the North Pacific Ocean, and nunber of conpeting
user groups make the protectlon and al l ocation of the sal mon
resource near inpossible.” There are individual sal non
nortalities at each |ife stage as a result of a variety of

di fferent human activities and natural conditions. In addition
to natural nortality, the level of salnon nortality in the egg-
to-snolt |life stage is affected by various |and nmanagenent
activities including | ogging, livestock grazing and m ning.
Mortality levels in the juvenile migrant stage are affected by
the FCRPS. These juvenile mgrants nmust al so conpete for food
and shelter with hatchery sal non rel eased into the sane river
habitat. |In nmany cases, hatchery fish attract predators, carry
dlsease and adversely affect the genetic pool of Snake River wld
fish.® Simlarly, while in the ocean, these sal non are subject a
nyriad of adverse natural and hurman- caused factors, including

‘ 56 Fed. Reg. 29542 - 29545 June 27, 1991) (NWVFS Proposed
Rul e Listing Spring/ Summer Chi nook Sal non as Threat ened Species);
59 Fed. Reg. 42530 (August 18, 1994); Proposed Recover Plan, 11
See al so, WIkinson and Conner, supra, 18-21

° 56 Fed. Reg. 29545 (June 27, 1991).



fishing, that contribute to their nortality. Finally, on their
return to their upstream spawni ng habitats, they are again
subject to nortality caused, in part, by the hydroelectric
system®

The Snake River Basin enconpasses 107,000 square mles in the
states of Idaho, Oregon, Wom ng and Washi ngton. Historically,
spring/ summer chi nook spawned in virtually all accessible and
suitable habitat in the Snake River upstreamfromits confluence
with the Colunbia R ver, as far as Auger Falls, Idaho, 930 mles
fromthe sea. Fall chinook were widely distributed in the

mai nstem of the Snake River and the | ower reaches of its ngjor
tributaries, and ranged upstream as far as Shoshone Falls, I|daho.
The primary spawni ng grounds of the fall chinook were the upper
reaches of the nmi nstem Snake River. Snake River sockeye were
historically found in the five | akes of the Stanley Basin, Big
Payette Lake on the North Fork of the Payette River in Idaho and
Wal | owa Lake at the headwaters of the G ande Ronde River.

The annual production of Snake River spring/sumrer chinook during
the late 1880's was probably in excess of 1.5 mllion fISh or
39%to 45% of all Col unbia River spring/sunmer chinook.?® As the
fishery began to decline at the turn of the century, the effects
of the exploitation of the salnon’s freshwater habitat began to
be seen. Tinber harvest was typically acconplished by
clearcutting and contributed silt to the previously clear gravel
bedded streanms. Pulp and paper mlls processing tinber polluted
the rivers and streans with byproduct and chem cal waste. |In the
sem -arid reaches of the salnon’s range, irrigation dans bl ocked
passage of migrating fish and water withdrawals dried the stream
beds altogether. By 1938 the annual anadronous fish catch (no

| onger neasurable in the taking of the prized chinook alone) in

t he Col unbia River had dropped to 18.8 million pounds. Nearly

°1d.

7

Proposed Recovery Plan, Chapter I1I.

°® 56 Fed. Reg. 29544 (June 27, 1991) and Proposed Recovery
Plan, 11-6 - 11-9. See also, A Netboy, supra, 269-283. In
1883, after the establishnment of white settlers and the
i ndustrialization of the salnon fishery by canning factories, the
chi nook catch alone was 43 mllion pounds (of approximately 2.5
to 3.0 mllion fish). At the end of the nineteenth century the
fish wheel was invented and deployed in the Colunbia with the
capacity to harvest between 200,00 to 400,000 pounds of sal non
per wheel per year. The peak of sal non production was achi eved
from 1880 - 1885 and the trend has been downward ever since.



95%in the total reduction in estimted historic abundance
occurred prior to the md-1900s. During the |ast 30-40 years the
remai ni ng popul ati on has been reduced an additional ten fold.’

Today, the popul ati on of Snake River Spring/ Sumrer chinook is
approximately 0.5% of its historic abundance. Approxinately
1, 800 spring/ summer chinook return to the Snake River. No
estimates are available for fall run Snake River chinook until
the early part of the twentieth century. From 1938, when the
gates closed at Bonneville dam to 1950, the returns of Snake
Ri ver fall chinook fell from approximtely 72,000 to 29, 000.
Today, approximately 350 Snake River Fall chinook return.™

Snake River sockeye were |ikew se abundant in the 1880s where
returns to Wall owa Lake were estinmated between 24,000 and 30, 000
fish. 1In one year, 75,000 sockeye were harvested in big Payette
Lake alone. During the 1950s and 1960s, the returns to Redfish
Lake remained at 4,000 fish. Last year, 1 Snake River sockeye
returned to Redfish Lake.™

Wil e the cunul ative inpact of overfishing and habitat
degradation prior to 1938 was considerable, many witers
attribute the straw breaking the salnon’s back to hydroel ectric
power devel opnent and |ater the nultipurpose dam projects in the
upper reaches of the Colunbia R ver watershed.” NMS has
estimated that of the ten mllion historical |osses of sal non and
steel head, eight mllion, or 80% is attributable to hydropower
devel opnent and operation.” Further, NVFS estimates the

° 56 Fed. Reg. 29454-29455 (June 27, 1991). See also, A
Net boy, supra, appendi x Table 6; WIkinson and Conner, supra, 35
n. 95.

® Proposed Recovery Plan, |1-10; 59 Fed. Reg. 42530-31
(August 18, 1994) (NWMFS Energency Interim Rule, Snake River
Spri ng/ Sunmer Chi nook Sal non and Snake Ri ver Fall Chi nook
Sal non) .

" Proposed Recovery Plan, |1-7.
U S. Conptroller General, lnpacts and |Inplications of
the pacific Northwest Power Bill, Rep. No. EMD 79-105; Ebel,

"Maj or Passage Problens,” Colunbia R ver Salnon and Steel head 33
(1977); D. Poon & J. Garcia, " A Conparative Analysis of

Anadr onous Sal noni d St ocks and Possi bl e[s] for the Decline",
Nor t hwest Power Pl anning Council 1982, cited in WI ki nson and
Conner, supra 35-43.

¥ Factors for a Decline, Supplenment to the Notice of

Det erm nati on of Snake River Spring/ Sumrer Chinook Sal non Under
t he Endangered Species Act, NMFS, June 1991, p. 8.




currul ative nortality of spring/sumer juvenile chinook passing

t he mai nstem hydroel ectric projects to be as high as 91%
However, NMFS has determined that "[n]o single or primary factor
could be identified as the primary cause for the decline or as
the primary source of nortality; but based on the conbination of
factors affecting the continued existence of the species, NWFS
determ ned that the species were in danger of extinction or
likely to become endangered within the foreseeable future."

In carrying out its statutory nmandate, NMFS has recogni zed t hat
the scientific data and anal ysis available for these listed
species is conplex and poses questions for which there are
currently no conplete answers. Wile the FCRPS affects the

| isted species in only two of its life stages, NMFS i s cogni zant
that an effect in one life stage may have inplications for the
species in later life stages. NWS has sought a nore
guantitative assessnent of nortality and its reduction, to

achi eve a consistent reduction in salnon nortality at each life
stage and thus in each sector of human activity. NVFS  first
efforts are docunented in the Appendix to the 1992 FCRPS

Bi ol ogi cal Opi ni on.

Wil e useful, this effort was not entirely successful in defining
a quantitative goal because available scientific data were

i nadequate. NWS concl uded "that the approach herein described
could provide the basis for a quantitative goal provided we had a
neans to accurately estinmate the human-i nduced nortality under

exi sting conditions and under conditions resulting from proposed
FCRPS actions. Further, there is substantial uncertainty in the
estimation of these nortality values.""

As a result, NMFS has continued a qualitative approach to

determ ning jeopardy. NMS has continued to work closer to a
quantitative approach while recognizing the limtations of the
avai l abl e data. Ideally, scientific information would be
sufficiently devel oped that NMFS coul d pi npoint and quantify al

t he human-i nduced causes of chinook salnon nortality for each
|ife stage, convert that nortality to adult equival ents, and
specify the exact reduction in nortality necessary for each
action to ensure that the totality of actions does not reduce
appreciably the likelihood of the survival and recovery of listed
species. Unfortunately, the available scientific information
does not provide nmuch certainty in these areas, except that it is
clear that substantial reductions in total human-induced
nortality are necessary to prevent further decline in the

speci es. However, scientific uncertainty does not dimnish the

"od.

® 1992 FCRPS Bi ol ogi cal Qpinion, pp. 14-15.



critical status of the Snake River salnon, nor does it detract
fromthe need to inplenment measures necessary for survival and
recovery w thout del ay.

To assist NMFS in gathering the best and nost credible evidence
avai l abl e, the Proposed Recovery Plan requires the appointnent of
a Sal nron Recovery I nplenentati on Team (Team representing state,
tribal and federal policy |eaders.”™ The function of the Team
will be to ensure effective coordination and comuni cati on anong
all entities having responsibility for inplenenting and
nonitoring the recovery neasures proposed in this plan.

NMFS bel i eves that unified federal coordination is an essenti al
step in achieving effective regional planning, inplenentation,
eval uation, and accountability. It is necessary that the federal
agenci es speak with one voice to facilitate coordination with
state, tribal and | ocal governnents, as well as the public. In
addition, NMFS will convene an i ndependent scientific panel to
ensure that the best science is used anong the various
jurisdictions as they inplenent and address sal non recovery
nmeasures. The first request NMFS will make of the I ndependent
Scientific Panel will be to review a list of critical hypotheses
used in fornulating recovery neasures in the Proposed Recovery
Plan. It is inperative to NMFS accountability and credibility
that a science-based deci sion naking structure be established and
i mpl ement ed.

A national effort to establish Pacific Sal non recovery as an

i nportant federal goal and to ensure a "single federal voice" was
initiated by the signing of a Menorandum of Agreenent (MOA) by
the Secretaries of Commerce, Interior, Arny, Energy, and
Agriculture, the Adm nistrator of the Environnmental Protection
Agency and Director of the White House O fice of Environnental
Policy. The MOA ensures the highest [evel of commtnent to the
devel opnment of a coordinated federal effort to achieve Pacific
Sal non recovery.

16

Proposed Recovery Plan, 111-4 - 111-5.



2. Procedural Context

This is an interagency consultation pursuant to Section 7(a)(2)
of the Endangered Species Act (ESA) and inplenenting regul ations
found at 50 CFR Part 402. At issue is the Federal Colunbia River
Power System (FCRPS) and the effect of its operation and
facilities on three listed species of Snake River sal non. The
federal agencies that operate the FCRPS, nanely the Bonneville
Power Adm nistration (BPA), the U S. Arnmy Corps of Engineers
(COE), and the U. S. Bureau of Reclamation (BOR) (collectively
"the action agencies"), have reinitiated a previously concl uded
consultation with the National Marine Fisheries Service (NVFS)
and the U.S. Fish and Wldlife Service (USFW5) considering the
1994 through 1998 operation of the FCRPS. This is NMS

bi ol ogi cal opi ni on based upon that reinitiated consultation.

The purpose of this introduction is to review the particul ar

ci rcunstances in which NWMFS issues this biological opinion.

These circunstances include the particulars of the previous
consultation, a judicial judgnment setting aside the agencies’
1993 FCRPS consultation and the post-judgnment di scussions anong
litigants through which nmuch credible and relevant scientific

i nformati on and net hodol ogi es were submtted to the federal

agenci es. These circunstances al so include a significant
projected decline in adult Snake River chinook sal non abundance
In 1994 and 1995 which is the basis of NVFS determ nation to
recl assi fy Snake Ri ver spring/sumer and fall chinook sal non from
t hreatened to endangered status. Energency InterimRule, 59 FR
42529 (August 18, 1994), and proposed rule, 59 FR 66784 (Decenber
28, 1994).

In the previous consultation, NMFS i ssued a bi ol ogi cal opinion
concerning an operation for the FCRPS for 1994 through January
31, 1999. Endangered Species Act (ESA) Section 7 Consultation
Regardi ng 1994-1999 Operation of the Federal Colunbia River Power
System and Juvenile Transportation Programin 1994-1998, issued
March 16, 1994, by Rolland A Schmitten, Assistant Adm nistrator
for Fisheries, National Mrine Fisheries Service. That opinion
considered a plan of actions for the FCRPS that the action
agenci es proposed on Decenber 2, 1993, in their biological
assessnent, and in revisions submtted in January, 1994. See

Bi ol ogi cal Assessnment on 1994-1998 Federal Colunbia Ri ver Power
Qperations, submtted to the National Marine Fisheries Service by
Bonnevill e Power Administration, U S. Bureau of Reclamation, U S.
Arny Corps of Engi neers, Decenber 1993, as revised by the letter
fromW Pollock (BPA), K Pedde (BOR) and D. Geiger (COE) to G
Smth (NWS), dated January 31, 1994.

That March 16, 1994, biol ogical opinion and the action agencies’
records of decision concluded that the proposed operation of the
FCRPS was not likely to jeopardi ze the continued exi stence of the



endangered or then threatened Snake Ri ver sal non species. The
opi nion included an incidental take statenent pursuant to Section
7(a)(4) of the ESA which required that the action agencies conply
with certain reasonable and prudent neasures, terns and
conditions intended to further avoid and m nimze take of |isted
sal non.

Cont enporaneous with this previous consultation, in federal
district court proceedings, the Idaho Departnment of Fish and
Gane, the State of Oregon, joined by four treaty Indian tribes,
chal | enged the | egal adequacy of NMFS 1993 FCRPS bi ol ogi cal

opi ni on. | daho Departnent of Fish and Gane v. National Marine
Fisheries Service, Cv. No. 92-973-MA (Lead Case), 93-1420- MA,
93-1603-MA, (D. Or.)(hereafter "IDFG v. NMFS'). On March 28,
1994, Federal District Judge Ml col m Marsh issued his judicial
opi nion that set aside NMFS biol ogical opinion on the 1993 FCRPS
operation, Biological Opinion on 1993 COperation of the Federal

Col unbi a River Power System National Marine Fisheries Service,
May 26, 1993. 1In a judgnent entered on April 28, 1994, the Court
ordered at page 4 that:

| T IS FURTHER ORDERED AND ADJUDGED t hat the Bi ol ogi cal
Qpi ni on on 1993 Federal Colunbia R ver Power System
operations prepared by the National Marine Fisheries
Service, and the Records of Decision prepared by the
Cor ps of Engineers and Bureau of Reclanation in
reliance upon said biological opinion, for the reasons
stated in this court’s opinion of March 28, 1994, are
arbitrary and capricious and otherwi se not in
accordance with the purposes of the Endangered Species
Act, Section 7(a)(2), with respect to the chosen

j eopardy standard and their consideration of reasonable
and prudent alternatives to avoid jeopardy. That the
1993 bi ol ogi cal opinion and records of decision are set
asi de and rermanded to federal defendants wth
instructions to review and reconsider them or at their
option, to review and reconsi der the 1994-98 hydropower
bi ol ogi cal opinion, in light of the the (sic) court’s
order of March 28, 1994, and to submit a bi ol ogical

opi nion and records of decision to address that ruling
by June 27, 1994, unless that date is extended by
further order of this court.

The NMFS and the action agencies, the defendants in this |awsuit,
opted to reconsider the newy issued 1994-1998 FCRPS bi ol ogi cal
opi nion rather than expend Iimted resources reconsidering the
chal | enged 1993 opi ni on about FCRPS actions that were then
conpleted. Letter fromFred R Disheroon, Esq., U S. Departnent
of Justice, to U S. District Judge Mal col m Marsh dated April 7,
1994. The federal agencies further decided to work cooperatively
with all of the other parties, and particularly with the



sovereign States and treaty Indian tribes, rather than appealing
t he Judgnent and continuing to litigate the issues raised in the
case. FEDERAL DEFENDANTS REPORT ON COWPLI ANCE W TH THE
JUDGEMENT, filed in IDFG v. NWMFS, dated June 28, 1994.

From May 9, 1994, through Novenber 30, 1994, NMFS and the action
agencies participated in a series of discussions and worKking
groups with the parties to this litigation. The purpose of these
di scussi ons has been to better facilitate the collection and
consideration of credible and relevant scientific evidence in a
re-evaluation of the application of the standards of ESA §

7(a)(2) to the FCRPS and of alternatives and measures for FCRPS

operation and facilities. The federal agencies and other parties

to the litigation have been aided by technical assistance

provided through interagency working groups of technical

personnel; one to consider the biological requirements of the

listed species and the other to inventory and evaluate

alternative actions and measures for the FCRPS.

The Court extended the original deadline established by the
Judgement directing the issuance of a new biological opinion by
January 30, 1995. IDFG v. NMES, Civil Minutes, Record of Order
dated October 18, 1994: Granting Federal defendants October 8,
1994, request for extension of time as set forth in the schedule
attached to William Stelle, Jr.'s affidavit. The Court granted
further extensions in this deadline until to March 1, 1995.

With the conclusion of these post-judgment discussions this
consultation was formally reinitiated by the action agencies on
December 15, 1994. Letter from Major General Ernest J. Harrell
(COE) to William W. Stelle, Jr. (NMFS) and Michael Spear (USFWS),
dated December 15, 1994, transmitting the Supplemental Biological

Assessment on Federal Columbia River Power Operations on behalf
of the U.S. Army Corps of Engineers, the Bonneville Power
Administration and the Bureau of Reclamation. This letter

identifies the proposed action as the 1994-1998 proposed
operations of the previous consultation while at the same time

the supplemental biological assessment submits for consideration
longer-term changes in operations and structures such as those
identified in their System Operations Review Environmental Impact
Statement and System Configuration Study.

This biological opinion has been coordinated with the U.S. Fish

and Wildlife Service (USFWS). The USFWS and NMFS will prepare
separate biological opinions concerning the effects of the

operation of the FCRPS upon listed species within its

jurisdiction.

The NMFS finds, as documented in this biological opinion, that
there is sufficient new scientific information and methodology
that has been obtained since the agencies concluded the previous



consul tation on March 16, 1994, to warrant this reinitiated
consultation. Furthernore, it is appropriate for NMFS to
reevaluate the totality of available information to address the
concerns raised by the Court in the IDFG v. NWVFS opi nion of March
28, 1994.

B. Application of ESA Standards to Federal Actions

The NMFS eval uates the effects of proposed federal actions on the
| isted Snake River salnon in this and every section 7
consultation by applying the standards of § 7(a)(2) of the ESA,

16 U.S.C § 1536(a)(2), as interpreted by the NMFS/Fish and

Wildlife Service (FWS) joint consultation regulations (50 CFR

Part 402). The discretionary continuation of an action is also

a proposed action in this context. Using the best scientific and
commercial data available, when NMFS issues its biological

opinion, it determines whether a proposed Federal action is

likely to (1) jeopardize the continued existence of a listed

species, or (2) destroy or adversely modify the designated

critical habitat of a listed species. See ESA § 7(a)(2).

The consultation regulations define "jeopardize the continued
existence of" to mean:

...to engage in an action that reasonably would be expected,
directly or indirectly, to reduce appreciably the likelihood

of both the survival and recovery of a listed species in the
wild by reducing the reproduction, numbers, or distribution
of that species (50 C.F.R. § 402.02).

The regulations also define the statutory term "destruction or
adverse modification” of critical habitat to mean:

... adirect or indirect alteration that appreciably
diminishes the value of critical habitat for both the
survival and recovery of a listed species. Such
alterations include, but are not limited to,

alterations adversely modifying any of those physical
or biological features that were the basis for
determining the habitat to be critical. (50 C.F.R. §
402.02)

Additionally, NMFS and FWS have recently issued, for public
comment, a document that further describes the application of
these standards entitled "Draft Section 7 Endangered Species
Consultation Handbook -- Procedures for Conducting Section 7
Consultations and Conferences", 59 Federal Register 65781
(December 21, 1994)(hereafter "the Draft Handbook™").
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The regul atory terns "survival" and "recovery" are defined by the
Draft Handbook for use in the jeopardy/critical habitat analysis
as foll ows:

Survival: the species’ persistence, beyond conditions

| eading to its endangernent, with sufficient resilience to
all ow recovery. Said another way, survival is the condition
in which a species continues to exist into the future while
retaining the potential for recovery. This condition is
characterized by a species with a sufficiently |arge
popul ati on, represented by all age classes, genetic

het er ogeneity, and a nunber of sexually mature individuals
produci ng viable offspring, that exists in an environnent
providing all requirements for conpletion of the species’
entire life cycle, including reproduction, sustenance, and
shel ter.

Recovery: inprovenment in the status of a species and the
ecosystens upon whi ch they depend. Said another way,
recovery is the process by which species’ ecosystens are
restored so they it can support self-sustaining and

sel f-regul ati ng popul ations of |listed species as persistent
menbers of native biotic comunities.

In inplenenting these standards for Pacific sal non species, NVFS
recogni zes certain characteristics of Pacific sal non species that
require special consideration. The Colunbia River Basin, in

whi ch the Snake Ri ver salnon originate, drains a vast area of the
Paci fic Northwest; approximtely 259,000 square mles in size,
the Basin is located in the states of Wshi ngton, O egon, |daho,
and Montana, as well as British Colunbia. The life cycle of
these listed fish begins in small nountain streans, |akes and
rivers (depending on the species) of the Snake River systemin

| daho and eastern Oregon and WAshi ngt on where eggs are deposited
and fertilized by spawni ng adults, incubate within gravel
substrates, hatch and subsequently energe to rear before they
begin, as yearlings or subyearlings, their mgration down the

mai nstens of the Snake and Col unbia River systens to the Pacific
Ccean. There they range fromthe nouth of the Colunbia in al
directions; to the north they range at |east as far as ocean
waters off of Alaska. The listed species growto adult size in
the ocean and then conplete their life-cycle by reversing their
m gration fromthe ocean, up the Colunbia and Snake R vers to
return to their natal habitat to spawn for the next generation

In each consultation concerning these Snake River sal non, NWVFS
follows the followi ng analysis to apply these ESA standards to
t hese uni que characteristics of sal non:

1. Define the biological requirenents of the |isted species.

11



To determ ne whether a proposed or continuing action is likely to
j eopardi ze the continued exi stence of |isted species or adversely
nodify its habitat, it is first necessary to know what is
required for the species’ continued existence, which is nore
specifically expressed by the regulations in terns of the

speci es’ survival and recovery. The biol ogical requirenents of
Snake River sal non may be described in a nunber of different

ways. For exanple, they can be expressed as a ratio of recruits
to spawners, as a survival rate for a given life stage or set of
life stages, as a positive population trend Iine, or as a

t hreshol d popul ation size. Biological requirenents nay al so be
descri bed as the environnmental conditions necessary to ensure the
speci es’ continued existence, expressed in ternms of physical,
chem cal, and biological prerequisites (e.g., for a particular
river reach, the prerequisite would include water tenperature,

vel ocity, dissolved gas saturation, etc.). The manner in which

t hese requirenents are described varies according to the nature
of the action under consultation and its |likely effects on the
species. For exanple, the consultation on the FCRPS is primrily
in terns of individual salnon nortalities whereas a consultation
on an action in spawni ng and rearing habitat nay be defined nore
by changes in environmental conditions.

2. Eval uate the rel evance of the environmental baseline to the
species’ current status.

The environnmental baseline, to which the effects of the proposed
or continuing action would be added, "includes the past and
present inpacts of all Federal, State, or private activities in
the action area, the anticipated inpacts of all proposed Federal
projects in the action area that have al ready undergone formal or
early section 7 consultation, and the inpact of State or private
actions which are contenporaneous with the consultation in
process.” See 50 C.F.R. § 402.02, definition for "effects of

the action".

Consistent with this definition, the environmental baseline does
not include future discretionary activities within the action

area that have not undergone ESA consultation. Thus the current
status of the species is described in relation to the risks
presented by the continuing effects of all previous actions and
resource commitments that are not subject to further exercise of
federal discretion. For a new project, the environmental

baseline represents the risks to the species of the pre-project
action area. For an ongoing federal action, it is necessary to
evaluate the effects of previous resource commitments separately
from the effects that would be caused by that action's future
prosecution as proposed.

12



An initial consideration in identifying the environmnental
baseline is to delineate the "action area"” for the proposed or
continuing action. It is the environnental baseline of the
action area that the regul ations specify for use in the jeopardy
determ nation. The "action area” is defined by the consultation
regul ations as "all areas to be affected directly or indirectly
by the Federal action and not nmerely the inmediate area invol ved
in the action." 50 CFR 8402.02.

The purpose of considering status of the species under the risks
presented by the environmental baseline without the proposed or
continuing action is to better understand the relative

significance of the action's effects upon the species'

likelihoods of survival and recovery when those effects are added
to the environmental baseline. The greater the risks faced by
the species at the time of consultation the more significant are
any additional adverse effects to the listed species caused by
the proposed or continuing action.

3. Determ ne the effects of the proposed or continuing action
on |isted species.

In this step of the analysis, NMFS examines the likely effects of
the proposed agency action on the species. The analysis may
consider the impact in terms of mortalities inflicted during a
particular life stage and that mortality's effect upon the

species' population size and variability, or the analysis may
consider the impact on species needs, such as water temperature,
sediment load, total dissolved gas levels, etc. These are the
effects that are, or with further authorizations and

appropriations could be, within the action agencies' discretion

to impose or not, a decision that is influenced by NMFS advice in
this biological opinion.

4, Det er m ne whet her the species can be expected to survive
with an adequate potential for recovery under the effects of
t he proposed or continuing action, the environnental
basel i ne and any cumul ative effects, and consi dering
nmeasures for survival and recovery specific to other life
st ages.

In this step of the analysis, NMFS determines whether the

specific action under consultation is likely to jeopardize the
continued existence of the listed species. This step has two

parts for Pacific salmon species. The NMFS must first focus on
the action area and add up the effects of the proposed or
continuing action, together with those of the environmental
baseline and all cumulative effects. The NMFS must determine the
significance of that aggregate effect upon the particular

biological requirements of the listed species in that action

area. At this point, NMFS considers effects such as, for

13



exanpl e, the frequency of nortality to individual nenbers of the
species, or any sublethal effects, caused directly by the action
or through the action’s adverse nodification of environmental
conditions inportant to the species.

The second part of the analysis calls for NMFS to pl ace the
effects of the proposed or continuing action in the context of
the full salnmon life cycle. This conprehensive analysis is
necessary to fully evaluate the significance of each action under
consultation to the biological requirenents of the |isted species
inall life stages. The NMFS | ooks beyond the particul ar action
area for this analysis to consider neasures likely to be
necessary in all life stages that, in conbination, would insure
that the biological requirenments of the listed species will be
nmet and thereby insure its continued existence.

At the species |evel, NMFS considers that the biol ogical
requirenents for survival, with an adequate potential for
recovery, are nmet when there is a high likelihood that the
speci es’ population will remai n above critical escapenent

t hreshol ds over a sufficiently long period of tine.
Additionally, the species nust have a noderate to high |ikelihood
that its population will achieve its recovery level within an
adequate period of tine. The particular thresholds, recovery
| evel s and tine periods nust be sel ected dependi ng upon the
characteristics and circunstances of each sal non speci es under
consul tati on.

Recovery plans for listed salnon call for neasures in each life
stage that are based upon the best available scientific

i nformati on concerning the |isted species’ biological

requi renents for survival and recovery. As the statutory goal of
the recovery plan is for the species’ conservation and survival
it necessarily must add these |life-stage specific measures
together to result in the survival of the species, at |east, and
inits recovery and delisting at nost. For this reason, the
Recovery Plan is the best source for neasures and requirenents
necessary in each life stage to nmeet the biological requirenents
of the species across its life cycle.

In circunstances faced by these |isted Snake Ri ver sal non, where
their current status, as affected by environnental baseline, is
such that there is a | ow expectation of survival with an adequate
potential for recovery, the proposed or continuing actions nust
reduce risks to the |isted species in the action area to insure
that the likelihood of the species’ survival and recovery is not
appreci ably reduced. The anpunt of risk reduction necessary to

determ ne that the action will not likely jeopardize the |isted
species will depend upon the current status of the species.
Agai n, the Recovery Plan will be the best evidence of the anobunt

of inprovenent required in each |ife stage and the measures
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likely to acconplish that reduction sufficient to satisfy the

requi renents of Section 7(a)(2). NWMFS will therefore first
consi der whet her the proposed action is consistent with the
Recovery Plan. If not, NMFS will consider whether the proposed

action reduces the risks to the |isted species as nuch as or nore
than the Recovery Pl an.

5. Identify reasonable and prudent alternatives to a proposed
or continuing action that is likely to jeopardize the
continued existence of the |isted species.

If the proposed or continuing action is likely to jeopardi ze the
| i sted species, NMFS nust consider potential reasonable and
prudent alternatives that would conply with ESA Sec. 7(a)(2).

In that case, the Snake River Sal non Recovery Plan, the current
draft of which lays out neasures "for the conservation and
survival of endangered species”, ESA § 4(f), is the best source

of reasonable and prudent alternatives that the action agency may

implement and thereby meet its obligations under ESA § 7(a)(2).

. PROPOSED ACTION

The proposed action in this reinitiated consultation is the

continuing operation of the Federal Columbia River Power System

in 1995 and future years. The action considered by this

biological opinion is described in Section II.A-II.G of the

biological opinion regarding 1994-1998 Operation of the FCRPS and
Juvenile Transportation Program in 1994-1998 (March 16, 1994) and
that opinion's Incidental Take Statement (Section XI).

The action agencies identified the action for NMFS' consideration

in this reinitiated consultation to be the FCRPS operations
proposed for and resulting from the previous consultation while

at the same time submitting for NMFS' consideration, in the

event the proposed action was not likely to satisfy ESA

standards, intermediate and long-term changes in operations and
structures such as those identified in their System Operations
Review Environmental Impact Statement and System Configuration
Study. See the letter of Major General Ernest J. Harrell (COE)

to William W. Stelle, Jr. (NMFS) and Michael Spear (USFWS), dated
December 15, 1994, transmitting the Supplemental Biological
Assessment on Federal Columbia River Power Operations.

Therefore, NMFS finds that the scope of this consultation, upon
reinitiation, is longer than the initial five-year scope of the

original consultation and includes consideration of measures in
the intermediate and long term. For the purposes of considering
whether the proposed action jeopardizes the listed species, NMFS
interprets the action agencies' proposal to be the previously
described FCRPS operations to be continued in 1995 and future
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years, though not necessarily limted to the five year tinme frane
as was originally proposed.

[11. LISTED SPECI ES AND CRI TI CAL HABI TAT

The three Snake Ri ver sal non popul ations |isted as endangered
under the ESA occur within the FCRPS action area addressed in
this Opinion. Snake River sockeye sal non ( Ohcor hynchus nerka)
were |listed as endangered (Novenber 20, 1991, 56 FR 58619).
Snake River spring/sumrer chinook sal non (Q tshawtscha) and
Snake River fall chinook salnmon (O tshawtscha) were originally
listed as threatened (April 22, 1992, 57 FR 14653), but are
proposed for reclassification as endangered (interimenergency
rul e, August 18, 1994, 59 FR 42529 and proposed rul e, Decenber
28, 1994, 59 FR 66784).

Critical habitat was designated for Snake River sockeye sal non
Snake River spring/sumrer chinook sal non, and Snake River fal
chi nook sal non on Decenber 28, 1993 (58 FR 68543), effective on
January 27, 1994. The designation of critical habitat provides
notice to Federal agencies and the public that these areas and
features are vital to the conservation of |listed Snake River

sal non.

Essential Snake River sal non habitat consists of four conponents:
(1) Spawning and juvenile rearing areas, (2) juvenile mgration
corridors, (3) areas for growth and devel opnent to adul t hood, and
(4) adult mgration corridors. Essential features of the
juvenile and adult mgration corridors for Snake River sockeye
sal non, Snake River spring/summer chinook sal non, and Snake River
fall chinook sal non include adequate: (1) Substrate, (2) water
quality, (3) water quantity, (4) water tenperature, (5) water

vel ocity, (6) cover and shelter, (7) food, (8) riparian
vegetation, (9) space, and (10) safe passage conditions. Food is
an additional essential habitat feature for juveniles of al

three |isted sal non speci es.

A. Species’ Life Cycle and Hi storical Population Trends
1. Snake Ri ver Sockeye Sal non

Snake Ri ver sockeye sal non adults enter the Colunbia River
primarily during June and July. Arrival at Redfish Lake, which
now supports the only renmaining run of Snake River sockeye

sal non, peaks in August and spawni ng occurs prinmarily in Cctober
(Bjornn et al. 1968). Eggs hatch in the spring between 80 and
140 days after spawning. Fry remain in the gravel for three to
five weeks, energe in April through May and nove inmediately into
the | ake, where juveniles feed on plankton for one to three years
before they migrate to the ocean (Bell 1986). Mgrants |eave
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Redfish Lake fromlate April through May (Bjornn et al. 1968),
and snolts mgrate alnost 900 mles to the Pacific Ocean. For
detailed informati on on the Snake River sockeye sal non, see
Waples et al. (1991a) and Novenber 20, 1991, 56 FR 58619.

Passage at Lower Granite Dam (the first dam on the Snake River
downstream fromthe Sal non River) ranges fromlate April to July,
wi th peak passage from May to |ate June (Fish Passage Center
1992). Once in the ocean, the snolts remain inshore or within
the Col unbia River influence during the early sunmer nonths.
Later, they migrate through the northeast Pacific Ocean (Hart
1973, Hart and Dell 1986). Snake River sockeye sal non usually
spend two to three years in the Pacific Ocean and return in their
fourth or fifth year of life.

Hi storically, the | argest nunbers of Snake Ri ver sockeye sal non
returned to headwaters of the Payette River, where 75,000 were
taken one year by a single fishing operation in Big Payette Lake
(Bevan et al. 1994). During the early 1880s, returns of Snake

Ri ver sockeye salnon to the headwaters of the G ande Ronde River
in Oregon (Wallowa Lake) were estimated between 24,000 and 30, 000
at a mnimm (Craner 1990, cited in Bevan et al. 1994). During

t he 1950s and 1960s, adult returns to Redfish Lake nunbered nore
than 4,000 fish (Bevan et al. 1994).

Snake River sockeye salnon returns to Redfish Lake since at | east
1985, when the Idaho Departnent of Fish and Gane began operating
a tenporary weir below the | ake, have been extrenely snal

(Table 1). Snake River sockeye sal non have a very limted
distribution relative to critical spawning and rearing habitat.
Redfi sh Lake represents only one of the five Stanley Basin | akes
hi storically occupi ed by Snake Ri ver sockeye sal non and
designated as critical habitat for the species.
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Table 1. Returns of Snake Ri ver sockeye sal non to Redfish
Lake, as determ ned by trapping at Redfish Lake creek weir and
spawni ng ground surveys.

Year Adul ts Cbserved
1985 12
1986 29
1987 16
1988 4
1989 1
1990 0
1991 4
1992 1
1993 8
1994 1
2. Snake River Spring/ Sumrer Chi nook Sal non

The present range of spawning and rearing habitat for

nat ural | y- spawned Snake Ri ver spring/sumer chinook salnon is
primarily limted to the Sal nron, G ande Ronde, |maha, and
Tucannon subbasins. Most Snake River spring/summer chinook

sal non enter individual subbasins from May through Septenber.
Juveni | e Snake River spring/sunmer chinook sal non emerge from
spawni ng gravels from February through June (Perry and Bjornn
1991). Typically, after rearing in their nursery streans for
about one year, snolts begin mgrating seaward in April through
May (Bugert et al. 1990; Cannanela 1992). After reaching the
nmout h of the Colunbia River, spring/sumrer chinook sal non
probably inhabit nearshore areas before beginning their northeast
Paci fic Ccean mgration, which |lasts two to three years. For
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detailed infornmation on the life history and stock status of
Snake River spring/sumrer chinook sal non, see Matthews and Wapl es
(1991), NMFS (1991a), and 56 FR 29542 (June 27, 1991).

The nunber of wild adult Snake River spring/sumrer chinook sal non
in the late 1800s was estinated by Bevan et al. (1994) to be nore
than 1.5 mllion fish annually. By the 1950s, the popul ati on had
declined to an estimted 125,000 adults. Escapenent estimates

i ndicate that the popul ation continued to decline through the
1970s. Redd count data al so show that the popul ati ons conti nued
to decline through about 1980. See Table 2 for the estinated
annual nunber of wild adult Snake River spring/sunmer chinook

sal non returning over Lower G anite Dam (escapenent) in recent
years.
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Table 2. Estimates of "wild-natural” Snake River spring/sunmer
chi nook sal non counted at Lower Granite Damin recent years.
Estimates through 1993 from Tables 26 and 33 of WDFW and ODFW
(1994). Prelimnary estimate for 1994 from TAC (1994).

Year Spring Chi nook Sumer Chi nook Tot al
1985 6048 3196 9244
1986 7925 3934 11, 859
1987 8928 2414 11, 342
1988 10, 915 2263 13,178
1989 3900 2350 6250
1990 4152 3378 7530
1991 2706 2814 5520
1992 8196 1148 9344
1993 6224 3959 10, 183
1994 1517 305 1822
Threshol d Appr ox.
Esc. Level 11, 000- 22, 000
Recovery 31, 440
Esc. Level

The Snake River spring/summer chinook sal non Evol utionarily
Significant Unit (ESU), the distinct population segnent |isted
for ESA protection, consists of 39 |ocal spawning popul ations
(subpopul ati ons) spread over a | arge geographic area (Lichatow ch
et al. 1993; see Table 3). The nunber of fish returning to a

gi ven subpopul ati on woul d therefore be nmuch |less than the total
run size.

Based on recent trends in redd counts in major tributaries of the
Snake River, many subpopul ations could be at critically |ow

| evel s. Subpopul ations in the Grande Ronde River, Mddle Fork
Sal non River, and Upper Sal non River basins are at particularly
hi gh risk. Both denographic and genetic risks would be of
concern for such subpopul ations, and in sonme cases, habitat may
be so sparsely popul ated that adults have difficulty finding

mat es.
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Table 3. Snake River spring/sunmmer chinook sal mon classification by subbasin

%_met ap%ul ations) and subpopul ation. Based on Lichatowi ch et al. 1993, SRSRT
abl e -1, and BRWG 1994. SP = spring chinook population; SU = sunmer

chi nook popul ation

Ri ver Systenf Subbasin Br eedi ng Uni t/ Subpopul ati on
Tucannon Ri ver wat er shed popul ati on (SP)
G ande Ronde River M nam Ri ver (SP)

Losti ne and UpBer Val  owa Rivers and
tributaries (SP)

Wenaha River (SP)
Cat herine Creek (SP)
Upper G ande Ronde (SP)

I maha Ri ver mai nst em ( SP/ SU)
Bi g Sheep and Lick Creeks
Snake River mainstem Asotin Creek (SP)
mai nstem Sheep, Granite Creeks (SP)
Lower Sal mon River mai nstem tributaries, nouth to and i ncl udi ng
Horse Creek (SP)
Little Sal non River wat er shed except Rapid River (SP)
Rapi d R ver (SU)
Sout h Fork Sal non Ri ver mai nstem Bl ackmare to Stolle Creeks (SU)

mai nstem mouth to Poverty Flats (SU)
Secesh River (SU)

Johnson Creek (SU)

East Fork South Fork (SU)

M ddl e Fork Sal non Ri ver mai nstem mouth to Indian Creek (SU)
mai nstem Indian to Bear Valley Creek (SP)

Marsh Creek and tributaries (SP)

Bear Valley and El k Creeks (SP)

Sul phur Creek

Upper Loon Creek and tributaries (SP)
Lower Loon Creek (below TM 23) (SU)
Camas Creek (SP)

Lower Big Creek (below TM 23) (SU)
Upper Big Creek and tributaries (SP)

Lemhi River wat er shed popul ati on (SP)
Pahsi neroi River wat er shed popul ati on (SU)
Upper Sal non River North Fork Sal mon River (SP)

East Fork, mouth to Herd Creek (SU)

Herd Creek and Upper East Fork (SP)

Yankee Fork and tributaries (SP)

Val | ey Creek above Stanley Creek (SP)

Lower Valley Creek (SU)

mai nst em Sal non bel ow Redfi sh Lake Creek (SU)
mai nst em Sal non above Redfish Lake Creek (SU)

Cl earwat er River [not Iisted under ESA]
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3. Snake Ri ver Fall Chi nook Sal non

Adult Snake River fall chinook sal non enter the Colunbia River in
July and m grate into the Snake River from August through
Cctober. Fall chinook sal non natural spawning is primarily
limted to the Snake Ri ver below Hells Canyon Dam and the | ower
reaches of the Cearwater, G and Ronde, |mmaha, Sal non, and
Tucannon Rivers. Fall chinook sal non generally spawn from
Cct ober through Novenber and fry energe from March through April
Ebmnstrean1n1grat|on general ly beﬁéns.mnthln several weeks of
energence (Becker 1970, Allen and Meekin 1973) with juveniles
rearing in backwaters and shal |l ow water areas through m d-sunmer
prior to snolting and migration. They will spend one to four
years in the Pacific Ccean before beginning their spawning
mgration. For detailed information on the Snake R ver fal
chinook sal non, see Waples et al. (1991b), NMFS (1991b) and June
27, 1991, 56 FR 29542.

No reliable historic estimtes of abundance are avail able for
Snake River fall chinook sal non (Bevan et al. 1994). Estimated
returns of Snake River fall chinook sal mon declined from 72, 000
annual |y between 1938 and 1949, to 29,000 from 1950 through 1959
(Bjornn and Horner 1980, cited in Bevan et al. 1994). Esti mated
returns of natura!lx produced adults from 1985 t hrough 1993 range
from11l4 to 742 fish (Table 4).
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Table 4. Estimates of naturally-produced adults to Lower
Granite Dam (not adjusted to include naturally-produced
adults trapped at Ice Harbor Dam. Estimates for 1985-
1993 are from Washi ngton Departnent of Fish and Wldlife
and Oregon Departnent of Fish and Wldlife (1994).
Prelimnary estimte for 1994 from Loch (1995).

Return Year Natural Adults
1985 435
1986 449
1987 252
1988 368
1989 295
1990 78
1991 318
1992 549
1993 742
1994 [ Nat ural Count Not Avail abl e;

Total Count = 852]

Specific projections for returns of fall chinook over the next
three to five years (1996-1998) cannot be made, but it is

possi ble to coment generally on the prospects for greater
returns. The 1991 brood is weak, based on the record |ow return
of jacks in 1993. There was certainly sufficient escapenent in
1992 and 1993 to allow for increased returns after 1995, but

hi gher returns will depend largely on inproved passage and ocean
survival conditions.
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B. Bi ol ogi cal Requirenents for Listed Snake Ri ver Sal non

In this first step of the nethod, NWMFS uses for applying the ESA
standards of § 7(a)(2) to these species of salmon, NMFS defines
the biological requirements for these species that are most
relevant for this consultation. The NMFS (1995a) is a detailed
discussion of how NMFS defined these biological requirements of
listed Snake River salmon and methods of assessing whether the
biological requirements are likely to be met under a given set of
actions. What follows here is a summary of NMFS' conclusions,
based upon the considerations described in NMFS (1995a).
Generally, NMFS finds that these biological requirements are
best expressed as population trends, size and variability.
Environmental requirements are also relevant and useful for
particular aspects of the FCRPS operation as, for example, in the
case of dissolved gas levels as a criterion of water quality.

To a large extent, these biological requirements are based upon

the work of a Biological Requirements Work Group (BRWG) composed
of scientists and fishery managers from the Federal agencies and
sovereign parties (States and tribes) that met as a component of

the post judgment discussions of the IDFG v. NMFS parties. The
NMFS also was guided by scientific opinion provided by the
intervenors to this litigation. It is the BRWG report, and NMFS'
evaluation of it, that is discussed in detail in NMFS (1995a).

In summary, the approach presented by the BRWG report, and to a
large extent followed by NMFS, is a method of determining the
listed species' likelihoods of survival and recovery.

The BRWG considered the | i kel i hood of survival to be the
probability that a set of actions encompassing all phases of the
species' life cycle would result in population levels above
threshold escapement levels over a short-term period (24 years)
and a long-term period (100 years). The BRWG (1994) proposed
that this likelihood should be estimated for Snake River
spring/summer and fall chinook salmon using regional life-cycle
models. For Snake River sockeye salmon, the estimate would be
approached in a less complex manner because of low population
abundance, lack of passage studies directed at this species, and
uncertainties regarding releases from the captive broodstock
program.

The BRWG (1994) considered the | i kel i hood of recovery to be the
probability that a set of actions encompassing all phases of the

species' life cycle would result in eight-year (approximately

two generations) geometric mean population levels greater than

recovery population levels. An expected recovery time period is

also necessary to make this determination (i.e., to determine the
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| i kel i hood of reaching an ei ght-year nean recovery popul ation
| evel within x nunber of years fromthe present). Recovery tine
peri ods suggested were 12, 24, and 48 years.

As with the Iikelihood of survival, the BRWG (1994) proposed that
the |ikelihood of recovery should be estinated for Snake River
spring/ summer and fall chinook sal non using regional |ife-cycle
nodel s. For Snake Ri ver sockeye sal non, the estimte woul d be
approached in a | ess conplex manner for the sanme reasons cited
above.

The NMFS finds this to be a useful approach, anong others, as

di scussed in NMFS (1995a), and thus considers the determ nation
of survival and recovery thresholds as the first step in applying
t hi s met hodol ogy.

1. Survival Requirenents

Each Pacific sal non species is conposed of numnerous
geographically isolated breeding units (stocks). The stock
structure of the Pacific salnon is the result of their propensity
for returning to their native streamto spawn and their

i ndi vi dual adaptations to |ocal environnments (Helle 1981).

In smal | popul ati ons, random processes can lead to two nmajor
types of risk: denographic and genetic. Denographic risk is the
ri sk of extinction due to environnmental fluctuations, random
events affecting individuals in the popul ation, and possi bl e
reductions in reproduction or survival resulting from]l ow

popul ation sizes. GCenetic risk is the risk of |osing genetic
variability or population fitness through inbreeding and genetic
drift. Both types of risk increase rapidly as popul ation size
decr eases.

Severe, short-termgenetic problens frominbreeding are unlikely
unl ess popul ation size remains very |low for a nunber of years.
However, the erosion of genetic variability due to | ow popul ation
size is cunulative; thus, long-termeffects on a popul ation (even
if it subsequently recovers nunerically) are also a concern.

The BRWG and NMFS considered these factors in defining potenti al
nunerical popul ation thresholds of returning spawners for use in
defining biological requirenents for particul ar sal non stocks.
The threshold | evel s recommended by the BRWG and adopted by
NMFS, do not represent |levels at which the trend toward
extinction is expected to be irreversible. The BRWS s suggested
t hreshol d escapenent | evels and suggested nethods of analysis

i ndicate that populations will be able to fall below these |evels
periodically and recover to higher |evels, even when bi ol ogi cal
processes particular to | ow population levels is taken into
account. This interpretation is consistent with the observation
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that the proposed | evels are substantially higher than any
directly identifiable risk I evels such as genetic or denographic
bott | enecks.

These threshol d popul ation |levels for survival correspond to the
definition of "survival"™ found in NMFS and FW5 "Draft Section
7 Endanger ed Speci es Consultation Handbook--Procedures for
Conducting Section 7 Consultations and Conferences”. That term
requires "sufficiently |large popul ations” to ensure persistence
into the future under conditions that will retain the potenti al
for recovery. In an independent peer review of the BRWG report,
Bar nt house et al. (1994) concluded that the BRWG s net hod of
devel opi ng threshold | evel s was credi bl e.

(a). Snake River Spring/Summer Chinook Sal non

The primary threshold | evel recommended by the BRWG was 150

nat ural spawners annually (for small, concentrated subpopul ati ons
of Snake Ri ver spring/sumer chinook sal non) or 300 natural
spawners annually (for |arger, dispersed Snake River

spring/ summer chi nook sal non subpopul ati ons and Snake River fal
chi nook sal non).

The NMFS adopts the BRWG recommended threshold | evel of 150-300
spawners annual |y per subpopul ati on, dependi ng upon size of the
subpopul ati on, for purposes of the jeopardy analysis applicable
to Snake River spring/sumrer chinook sal non. Threshold |evels
associated with the six subpopul ations currently avail able for
anal ysis are presented in Table 5.

Based on consideration of factors described in NMFS (1995a), NWS
concl udes that the best avail abl e nethod of characterizing risk
to the ESU is to use projections based on avail abl e
subpopul ati ons. Because the few avail abl e subpopul ati ons do not
represent conditions within the entire ESU, it is prudent to
require that a high percentage of avail abl e subpopul ati ons have
an acceptabl e probability of being above the threshold level. A
"hi gh percentage” is defined as at | east 80% of avail able "index
st ocks™”.

The NMFS encour ages devel opnment of techniques that will allow

i ncorporation of additional subpopulations into future anal yses,
as suggested in BRWG (1994) and Barnt house et al. (1994a). The
NMFS al so encourages analysis of ancillary information, such as
aggregat e assessnents based on dam counts, to supplenent the
subpopul ati on anal yses. |f assessnents based on dam counts
support concl usi ons based on subpopul ati ons, NMFS wi |l have
greater confidence in reaching those conclusions. If the two
anal yses lead to different conclusions, it will be a signal to
carefully review the subpopul ati on assessnents; however, as
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stated above, the final determ nation will be based upon the
subpopul ati on anal yses.

The BRWG did not identify a threshold |level for the entire Snake
Ri ver spring/ summer chinook ESU that could be used for
conpar ati ve purposes for aggregate projections based on dam
counts. It iIs reasonable to assune that, because the ESU is
conposed of approxi mately 39 subpopul ations with threshol ds
rangi ng from 150- 300 spawners annual |y, the aggregate threshol d
i s between 6000-12,000 spawners annually. This estinmate assunes
that spawners are distributed anong all subpopul ations in
proportion to each subpopulation’s threshold. [If this assunption
I's not valid, the aggregate threshold would be higher than 6000-
12,000 spawners annually.

Snake River spring/sumrer chinook sal non returns to six subbasins
suggested by the BRWG (1994) as index stocks for assessing status
of the ESU have generally been bel ow threshol d escapenent |evels
since 1989 (Table 5). Cohort replacenent rates (= spawner-to-
spawner ratios) have been less than 1.0 (i.e., the popul ation has
been declining) for nost of these stocks during recent years
(Table 6). A threshold escapenent |level for the entire

spring/ summer chi nook ESU was not suggested by BRWG (1994), but
presumably woul d be between approxi nately 6000-12, 000 spawners
for an aggregation of the 39 subpopul ations identified by BRWG
(1994). Assuming a nortality between Lower Granite Dam and the
spawni ng ground of approxi mtely 40-60% (m dpoint 50% for the
spring conmponent and 30-40% (m dpoi nt 35% for the sumer
conponent of the ESU (Chaprman et al. 1991) and an average ratio
of 65% spring conponent during the past 10 years (Table 2), the
correspondi ng escapenent at Lower Granite Dam woul d be

approxi mately 11, 000-22,000 natural spawners. Adult counts at
Lower Granite Dam have generally been below this |level in recent
years (Table 2).
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Table 5. Estimated spawner counts for five subpopul ati ons of

Snake River spring/sumrer chi nook sal non during recent
years. Reproduced from Table 3.1 of BRWG (1994).
Estimates through 1993 from ldaho Dept. of Fish and Gane
and Oregon Dept. of Fish and WIdlife, expanded fromredd
counts in index areas. Bold val ues represent estimtes
that nmeet or exceed threshold escapenent |evels
recommended by BRWG (1994). Recovery escapenent |evels
based on 60% of pre-1970 average escapenents.

Poverty
Fl at s
Bear of S.
Val | ey/ For k
El k | maha Mar sh M nam Sal non  Sul phur
Year Cr eeks Ri ver Cr eek Ri ver Ri ver Cr eek
1985 295 783 197 479 342 70
1986 235 1159 184 130 246 458
1987 457 535 273 222 508 77
1988 1116 719 395 224 763 289
1989 91 439 80 136 258 14
1990 189 272 104 95 513 155
1991 184 209 73 94 515 183
1992 178 184 118 8 519 35
1993 710 465 218 144 779 176
1994 N A N A N A N A
Thr esh- 300 300 150 150 300 150
old
Esc.
Level
Recov. 968 610 441 389 1669 405
Esc.
Level
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Table 6. Estinated cohort
spawner

repl acenent
ratios) for five subpopul ati ons of Snake River

spring/ summer chi nook sal non for

from | daho Dept.
and Wldlife,

rates (= spawner-to-

recent years.
of Fish and Gane and Oregon Dept.
based on expanded redd counts and age

Esti mat es
of Fi sh

structure in index areas (WIson 1995). Replacenent rates
greater than 1.0 are necessary for popul ati on grow h.
Last Br ood Bear | mmaha Marsh M nam Poverty Sul phur
Esc. Year Val | ey Ri ver Creek River Fl ats Creek
Year / of S.
El k For k
Creeks Sal non
Ri ver
1985 1980 5.7 3.1 10. 1 4.3 1.7 3.4
1986 1981 1.7 1.4 1.6 6.9 2.3 6.5
1987 1982 4.7 1.7 3.5 1.5 1.6 9.6
1988 1983 6.8 1.9 7.5 3.8 3.2 5.4
1989 1984 1.0 0.5 0.8 1.2 1.1 N A
1990 1985 0.5 0.4 0.5 0.3 0.9 1.4
1991 1986 1.0 0.5 0.5 0.5 1.9 0.5
1992 1987 0.2 0.3 0.3 0.1 0.8 0.6
1993 1988 0.7 0.9 0.7 0.3 0.8 0.6
1994 1989 N A N A N A N A N A N A
Foot not e:

No redds observed in index area.
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(b). Snake River Fall Chinook Sal non

The NMFS finds that the threshold escapenent |evel for Snake

Ri ver fall chinook salnon is 300 adult spawners, as recommended
by the BWRG, is reasonable for the reasons discussed in (NWS
1995a). A correspondi ng nunber of adults at Lower Granite Dam
was not suggested by the BRWG (1994), but can be approxi nmated by
adj usting counts of natural adults at Lower Granite to account
for fallback rate (e.g., 31.6%in 1992; Mendel et al. 1993) and
prespawni ng nortality (approximately 15% Chapnan pers. comm in
Fisher et al. 1993). Therefore, an approximtion of the

t hreshol d escapenent |evel at Lower Granite Dam woul d be 519

([300 = [(1.0 - 0.32) * (1.0 - 0.15)]) natural adults past Lower
Granite. Wth the exception of 1992 and 1993 returns,
escapenents have been below this approximate threshold |evel, as
wel | as bel ow a cohort replacenent rate of one, in recent years
(Table 7). The draft Recovery Plan defines a recovery escapenent
| evel as 2500 spawners and | eaves estimation of a correspondi ng
value at Lower Granite Damto a Scientific Oversight Commttee.
Usi ng the nmet hod descri bed above, the approxi mate recovery
escapenent |evel at Lower Granite Dam woul d be 4325 nat ural

adul ts.

30



Table 7. Estimates of naturally-produced adults to Lower
Granite Dam (adjusted to include naturally-produced adults
trapped at lIce Harbor Damj. Cohort replacenent rates
cal cul ated by assum ng parents conposed of total run.
Estimates for all years except 1994 from Dygert (1994a,b).

Prelimnary estimate for 1994 from Loch (1995). Threshol d
and recovery escapenent |levels at Lower G anite Dam are
approxi mati ons of |evels defined at the spawni ng grounds,
as described in the text.

Ret urn Nat ur al Tot al
Year Adul ts Repl acenent
Rat e
1985 615 1.22
1986 482 0. 90
1987 332 0.52
1988 511 0.82
1989 396 0. 56
1990 114 0.14
1991 318 0. 40
1992 549 0.72
1993 742 1.33
1994 [ Nat ural Count Not
Avai | abl e; Total Count
= 852]
Threshol d [ 519]
Esc. Level
Recovery Esc. Level [ 4325]
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(c). Snake River Sockeye Sal non

The BRWG did not reconmend a threshol d escapenent | evel for Snake
Ri ver sockeye salnon for use in a jeopardy analysis. However,
the thresholds identified for spring/sunmer chinook and fal

chi nook sal non were not species-specific. Those thresholds
shoul d apply to any "large" and "snall" Pacific sal non
popul ati ons. Presumably the threshold for sockeye would fal

bet ween 150- 300 annual spawners for each relatively isolated
popul ati on conprising the evolutionary significant unit (ESU)
(i.e., populations established within each |ake in the Stanl ey
Basin). As described in BRAG (1994), anal yses used to estinate
whet her or not Snake River sockeye salnon are |likely to be above
the threshold will be less conplex and | ess precise than anal yses
for other species based on life-cycle nodels.

2. Recovery Requirenents

For escapenent |evels representing recovery, the BRWG report nade
provi si onal recomrendati ons; however, these are now superseded by
delisting criteria in NVMFS draft Recovery Plan. The follow ng
nuneri cal escapenent delisting criteria are specified in the
draft Recovery Plan as eight-year geonetric nmeans: (1) Sockeye:

At | east 1000 naturally-produced sockeye sal non in one | ake and
500 in each of two other lakes in the Stanley Basin; (2) Fal

Chi nook: at |east 2500 naturally-produced fall chinook salnon in
the | ower Snake River and tributaries, excluding the |ower

Cl earwater River; (3)Spring/Summer Chinook : a) at |east 31,440
nat ural | y- produced spring/ summer chinook at Lower Granite dam
and b) at |east 60% of the pre-1971 brood-year average redd
counts for 80% of index areas for which at |east five years of
pre-1971 redd counts are avail able. The basis for establishnent
of these recovery levels is explained in detail in Chapter 3 of
the NMFS Draft Snake River Sal non Recovery Pl an.

C. Speci es Status Under Environental Baseline

In this second step in the application of the ESA 8§ 7(a)(2)
standards, as discussed in Section I.b, above, NMFS analyzes the
effects of past and ongoing human and natural factors leading to
the current status of the species or its habitat and ecosystem.
The environmental baseline, to which the effects of the proposed
action would be added, "includes the past and present impacts of
all Federal, State, or private activities in the action area, the
anticipated impacts of all proposed Federal projects in the

action area that have already undergone formal or early section 7
consultation, and the impact of State or private actions which

are contemporaneous with the consultation in process.” 50
C.F.R. 8 402.02 ("effects of the action").
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The action area for this consultation is that portion of the
range of the listed salnon that is directly and indirectly
affected by the operation of the FCRPS. This includes the

mai nst em Snake and Col unbia Rivers, the Col unbia River estuary,
and that portion of the ocean habitat that is influenced by the
outflow fromthe Colunmbia R ver.

The FCRPS is conprised of fourteen dans and reservoirs, all of
whi ch were constructed between 1938 and 1975, before the Snake
Ri ver Sal non were |isted pursuant to the Endangered Species Act.
Unli ke a new project, where the environnmental baseline is sinply
the pre-project action area, an ongoi ng project presents the
i nprecise, if not inpossible, task of appreciating the inpact of
the past action’s effects, together with other human and nat ural
factors, upon the current status of the species as distinguished
fromthe likely effects fromcontinuing the action. The direct
and indirect effects of the FCRPS construction and the past
manner of its operation are part of the environnental baseline
for this consultation.

The significance of this step in the analysis is for NVFS and the
action agencies to put any effects of the proposed operation of
the FCRPS in the context of the current status of the species.

For this reason the environnmental baseline is best described in
terms of the species’ current status and |ikely popul ation
trends. The relative health of the listed Snake River Salnon is
critical to determ ning whether or not the proposed operation of
the FCRPS is likely to jeopardize or adversely nodify critical
habi t at .

Wth this function of the environnental baseline in m nd, NVFS
does not attenpt to quantitatively distinguish effects
attributable to past construction and operation of the FCRPS and
other factors fromthe likely future effects. Wat follows is an
eval uation of the |listed species prospects under the

envi ronnment al baseline before turning to NMFS assessnent of the
effects of the proposed action.

1. Snake River Sockeye Sal non

Based on snmolt-to-adult returns to the nmouth of the Col unbi a

Ri ver for the 1991 and 1992 outmigrating cohorts (0.51% and
0.26% respectively), the expected return in 1995 fromthe 521
snolts that migrated from Redfish Lake in 1993 will be two adults
(LaVoy 1994).

Since 1991, a captive broodstock program has been in effect and
all returning adults have been spawned in captivity. The first
adul ts produced by this program (fromthe 1991 returns) were

rel eased into Redfish Lake to spawn in 1993 and their progeny are
expected to outmgrate in the spring of 1995. The surviving 1993
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brood year adults will return to spawn in one to three years, and
their progeny (the first cohort of naturally-produced spawners)
will not return to spawn in Redfish Lake until three to five
years after that (1999-2003). Therefore, it will be well into
the next century before natural production of Snake River sockeye
sal non, based upon several cohorts, can begin to be eval uat ed.

G ven the extrenmely | ow popul ation size, which has necessitated

t he captive broodstock program as an energency mnmeasure to reduce
the likelihood of immnent extinction, NWVFS finds that there is a
very |l ow probability that Snake Ri ver sockeye sal non popul ation

will attain their survival requirenents in their critical habitat
under the continuing effects of the environnental baseline. The
risk is extrenely high that |isted sockeye will be bel ow the

t hreshol d escapenent |evel of 150 fish (which applies only to
nat ural | y- produced spawners) unless and until natural production
is re-established sufficiently in its critical habitat to permt
eval uation. The likelihood of recovery (which only applies to
spawners at | east two generations renoved from captive
broodstock) is even |l ess certain, since there is no recent
enpirical evidence to evaluate the productivity of second-
generation wld fish.

In summary, it appears that the Snake R ver Sockeye Sal non face
extrene risks as a result of the environnental baseline, such
that there nust be a substantial inprovenent in the environnental
conditions of its critical habitat fromthose currently avail abl e
under the environmental baseline. Any further degradation in
these conditions is significant in the face of such risk under

t he environmental baseline.

2. Snake River Spring Sunmer Chinook Sal non

It is unlikely that the biological requirenments of |isted Snake
Ri ver spring/ summer chinook salnon will be nmet under the
substanti al adverse effects of the environmental baseline al one.
The significance of these effects is magnified by the current
smal | popul ation size, projected poor returns in the next one to
two years, the influence of those poor returns on subsequent
cohorts in 1998-2001, and the poor environnmental conditions
affecting the species throughout its life stages. Substanti al

i nprovenents in environnmental conditions under the environnental
basel ine are necessary to ensure the continued exi stence of this
speci es.

Adult returns of Snake River spring/sumer chinook salnon in 1994
were the | owest on record. The return of the spring conponent in
1995 is projected to be even | ower, based on a strong

rel ati onshi p between Snake/ Col unbia Ri ver spring chinook jacks
and the 4-year old conponent of adult spring chinook returns in
the follow ng year. The 1994 spring chinook jack count was |ess
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than half of the 1993 jack count, which represented the previous
record |l ow (Roler 1994). The projection for 1995 sumer chi nook
returns is approximtely the sane as 1994 returns (TAC 1994),

whi ch were the | owest on record.

The spring conponent of Snake River spring/sumer chinook sal non
is unlikely to increase significantly in 1996 since the five-year
ol d conponent of the 1996 return will be com ng fromthe very | ow
1991 brood (Table 4) and the juvenile outm gration of the four-
year ol d conponent occurred under bel ow average fl ow conditions
In 1994 (see section IV.A 1). There is, therefore, little reason
to anticipate that returns of the spring conponent of Snake River
spring/ summer chi nook salnon will increase substantially until
the 1993 brood year contributes to the returns in 1997 and 1998.
The 1993 brood will be of particular inportance because it is
the last year with a substantial escapenent of wild fish. After
1998, returns will again be influenced by the very | ow 1994 and
expected | ow 1995 brood years. Again, because spring chinook are
generally the stronger conponent, this situation is also likely
to represent the entire Snake River spring/sumer chinook ESU.

The conbi nati on of escapenents that are well|l bel ow threshol d

| evel s in nost years since 1989 for four of the five

subpopul ations in Table 5 and for an estinmate of the aggregate at
Lower Granite Dam (Table 2) and the expectation of |ow returns
for the next 1-2 years suggests that the |ikelihood of survival
and recovery in the near future under current conditions is |ow.
This assessnent is in agreement with an analysis of risk
associated with the "recent" time period represented by 1977-1988
brood years (1981-1993 return years) included in BRAG (1994).
Anal yses using both the stochastic (SLCM and enpirical (ELCM
life-cycle nodels suggested | ow probabilities of survival and
recovery for nost stocks, given recent conditions and current
popul ation | evels, over "short-term (24 year) and "long-ternf
(48 and 100 year) sinul ations.

The i nprovenent over survival |evels associated with the

envi ronnment al baseline that are needed to reach an acceptable
probability of survival and recovery is unknown. The inprovenent
I n survival over current conditions that is necessary is
dependent upon assunptions used in anal yses, but may be very

hi gh. Anal yses conducted using the ELCM |ife-cycl e nodel suggest
that the density-independent conponent of the recent overall egg-
to-adult survival rate, as determ ned from 1977-1988 brood year
performance and present popul ation |evels, would have to increase
at | east 200-300%to achieve a likelihood of being above the

t hreshol d escapenent |l evel that is greater than 50-75% of the

| i kel i hood associated with a 1958-1970 hi storical period, when
stocks were nuch healthier (WIlson and Schaller 1995). Anal yses
usi ng the SLCM nodel suggest that, dependi ng on assunptions,
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i nprovenent in survival necessary to achieve the sane goal nay be
as low as 110-150% or as high as 150-200% ( Paul sen 1995).

In summary, in the near future it is unlikely that the bi ol ogical
and ecol ogi cal requirenents of |listed Snake River spring/ sumrer
chinook salnon will be nmet under the substantial adverse effects
of the environnental baseline alone. The significance of these
effects is magnified by the current small popul ation si ze,

proj ected poor returns in the next 1-2 years, the influence of

t hose poor returns on subsequent cohorts in 1998-2001, and the
poor environnmental conditions affecting the species in its other
life stages. The extent to which the |ikelihood of their
survival and recovery may inprove over a |longer tine period, were
the species status only subject to the effects of the

envi ronnment al baseline, has not been quantitatively estinmated
but, based on the needed survival inprovenents described above,
is also limted. It is clear that substantial inprovenent in
envi ronment al conditions under the environnmental baseline are
necessary to insure the continued exi stence of this species.

3. Snake Ri ver Fall Chi nook Sal non

The 1994 natural Snake River fall chinook escapenent is expected
to be well below the threshold | evel based on preseason
projection. Unless there is information fromthe conpl eted 1994
return to indicate otherwise, it is reasonable to expect that the
returns will continue to decline in 1995. Fall chinook returns
in the Snake River systemare typically dom nated by four-year
old fish. The 1994 run was dom nated by five-year olds with
relatively weak returns of three- and four-year old fish. The

| ow return of three-year olds is based on a record |ow return of
two-year old fish in 1993. The |ow four-year old return in 1994
was based on the relatively low three-year old return in 1993. A
very tentative forecast for 1995 suggests that the return will be
about 60% of that in 1994, or about 500 fish to the river nouth.
The expected escapenents to the Snake Ri ver woul d be
proportionately low as well.

It is not possible to nake specific projections for returns of
fall chinook over the next three to five years (1996-1998), but
it is possible to conment generally on the prospects for greater
returns. The 1991 brood is weak, based on the record |ow return
of jacks in 1993. There was certainly sufficient escapenent in
1992 and 1993 to allow for increased returns after 1995, but

hi gher returns will depend largely on inproved passage and ocean
survival conditions.

The NMFS finds that the |ikelihood of survival and recovery of
listed fall chinook salnon in the inmediate future is | ow because
of a conbination of factors: (1) escapenents are well bel ow
threshold levels in nost years since 1985 and (2) that, even
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assum ng only the continuing direct and indirect effects of the
envi ronnment al baseline, and without factoring in cumulative
effects or the likely effects of the proposed action, escapenent
will continue to be extrenely low, at |east through 1995.

In the longer run, over a 24 to 100-year period, analyses of the
probability of survival and recovery of Snake River fall chinook
sal ron under the environnmental baseline have not been conduct ed.
However, their prospects for survival are likely to be better
than in the imrediate future, assumng only the continuing direct
and indirect effects of the environmental baseline. This is
because the | evel of future incidental harvest of fall chinook
sal non, which is not considered as part of the environnental
baseline, is a larger factor in determning their |ikelihood of
survival and recovery than it is for either the listed
spring/ summer chi nook or sockeye salnon. The total harvest rate
of fall chinook sal non during recent years, including Canadi an
harvest, has ranged from 46- 74% ( Snake Ri ver Sal non Recovery Team
1994). Based on returns of 1988-92 cohorts, the average total
U.S. harvest rate was approxi mately 36% (CRI TFC 1994).

In summary, in the imrediate future it is unlikely that the

bi ol ogi cal and ecol ogi cal requirenents of |isted Snake River fal
chi nook salnon will be nmet under the substantial adverse effects
of the environmental baseline alone due to the current snal

popul ati on size, projected poor returns in 1995, the influence of
t hose poor returns on subsequent cohorts in 1998-2001, and the
lag time in achieving increases in survival as a result of past

i npl enment ati on of habitat changes that represent a beneficial
effect of the environnental baseline. A quantitative assessnent
of risk associated with the environnental baseline over a 24-year
period is not avail abl e, but because such an anal ysis woul d not
consider the inpact of a U S. fall chinook harvest, such an

anal ysis may be expected to indicate at | east a noderate

| i kel i hood of survival and recovery.
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V. PROQIECT EFFECTS
A. Ef fects of Proposed Actions
1. Fl ow Augnent ati on
a. General Consi derations

As di scussed in NMFS (1991a, b,c), reduced flow through reservoirs
has contributed to the decline of all three |isted species of
Snake River salnon. Sl ow passage through reservoirs increases
t he exposure tine of juvenile salnon to predation, to higher
tenperatures (which increase the predation rate and
susceptibility of salnon to disease), and to water quality
probl enms such as di ssol ved gas supersaturation, which can
sonetimes occur as a result of project operations. Juvenile
passage through reservoirs has been estimted to take one-third
to one-half | onger than through free-flowi ng water stretches
(Raynond 1988).

Del ay of adult migrants due to flow and water quality conditions
is cited as a factor contributing to the decline of all three
species (NVFS 1991a,b,c). H gh flows at dans and fl ow patterns
that mask adult attraction flows interfere with upstream passage
(Liscomet al. 1985). Low flows can also affect water quality,
contributing to high tenperatures that may interfere with
mgration (e.g., Stuehrenberg et al. 1978).

b. Ef fects on Juvenil e Snake Ri ver Sockeye
Sal non

Ef fects of the proposed flow augnentati on on Snake River sockeye
salnon nortality cannot be quantified with present infornmation,
but effects are anticipated to be simlar to Snake River

spring/ summer chi nook sal non effects (section IV.A 1.d), based on
mgration timng and size of fish during mgration. Mdeling
estimtes of the effect of flow augnentation, when conbined with
ot her actions, on survival of Snake River spring/sumer chinook
salnon is presented in section IV.A 7.b.

C. Ef fects on Adult Snake River Sockeye Sal non

The proposed fl ow augnentation is expected to have no effect on
survival of adult Snake River sockeye sal non

d. Ef fects on Juvenil e Snake Ri ver Spring/ Sumer
Chi nook Sal non

Based upon observations of PIT-tagged Snake River spring/ sumer

chi nook sal non juveniles, mgration in the Snake Ri ver past Lower
Granite Dam occurs prinmarily between April 10 and June 20, and
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mgration in the | ower Colunbia R ver past McNary Dam occurs
primarily between April 20 and June 30 (Ross 1993a).

Daily average flows during the juvenile Snake River spring/ sumer
chi nook sal non passage season in recent years are presented in

Tabl e 8.
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Tabl e 8. Average flow (kcfs) during juvenile spring/sumrer
chi nook sal non mgration period.

Snake River at Lower Granite Dant

Year Apr 10 - Jun 20 | Apr 10 - Apr 30 |May 1 - Jun 20
1985 90.1 90.0 90.1
1986 115.9 95.5 124. 3
1987 50. 2 47. 2 51.4
1988 59.5 49.7 63.6
1989 85.2 90.9 82.8
1990 70. 8 60.1 75.3
1991 68. 7 37.6 81.4
1992 48. 3 44,2 50.0
1993 106. 4 64.5 123. 7
1994 61. 4 55.6 63.8
Col unbi a River at MNary Danf
Year Apr 20 - Jun 30 | Apr 20 - Apr 30 [ May 1 - Jun 30
1985 208. 2 209. 8 207.9
1986 257. 4 254.7 257.9
1987 181.9 151.1 187.5
1988 168. 4 137.5 173.9
1989 217.5 220. 8 216. 9
1990 255.1 222. 4 261.0
1991 268. 7 234.8 274.8
1992 183. 5 159.7 187. 8
1993 235.3 129. 3 254. 4
1994 190. 5 167.6 194. 7

' From Fi sh Passage Center
> From CCE, North Pacific Division, Reservoir Control Center

The proposed action is intended to achieve flows in the Snake
River fromApril 10 through June 20 of at |east 85 kcfs in npst
years. This flow level is equal to the |lower bound of the flow
range of 85-100 kcfs identified in NVWS (1995b) and the Recovery
Plan. The proposed action attenpts to nmeet flows in the Col unbia
Ri ver between April 20 and June 30 of at |east 200 kcfs in nost
years. This flow level is |lower than the flow range of 220 to
260 kcfs identified in NMFS (1995b).

An estimate of the percentage of years that the Recovery Pl an
flow |l evels are achieved in the proposed action is presented in
Tabl e 9.

Tabl e 9. Percentage of Years the proposed action neets the
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Proposed Recovery Plan flows objectives - spring/sumrer chi nook
m gration periods.

Snake Ri ver at Lower Ganite

Bi Op Apr 10 - Jun 20 Apr 10 - May 31 Jun 1 - Jun 20
Vol ume
Di schar ge

(Q
Q<= 16 MAF 0% 8% 8%

Q@ 16 MAF 0% 17% 17%
and
Q<= 20 MAF

@ 20 MAF 84% 74% 68%
Col unmbi a River at MNary

Bi Op Apr 20 - Jun 30 Apr 20 - May 31 Jun 1 - Jun 30
Vol ume
Di schar ge

(Q
Q<= 85 MAF 0% 9% 0%

Q@ 85 MAF 33% 42% 33%
and
Q<= 105 MAF

Q@ 105 NAF 93% 78% 78%

The effect of flow on juvenile spring/sumer chinook sal non
nortality and identification of flow ranges associated with
significant reductions in nortality are reviewed in NMFS (1995b).

Resul ts of passage nodel anal yses, which include effects of flow
nmeasures and ot her proposed actions on estimated nortality of
juvenile spring/sunmer chinook sal non, are described in section
V. A 7.b.

e. Ef fects on Adult Snake River Spring/ Sumrer
Chi nook Sal non

The proposed fl ow augnentation is expected to have no effect on
survival of adult Snake River spring/sumrer chi nook sal non.
f. Ef fects on Juvenil e Snake River Fall Chinook

Sal non

Dat es at which 95% of wild PIT-tagged subyearling chi nook passed
Lower Granite Dam were August 28, July 3, August 23 and Septenber
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1 in 1991, 1992, 1993 and 1994, respectively (Fish Passage Center
1994 and PIT-tag database, PITAGS 1994). Mgration of juvenile
fall chinook salnmon to danms further downstream extends nuch

| onger for fish not transported fromLower Granite Dam The
primary mgration period for juvenile fall chinook salnon is
defined as June 21 to August 31 in the Snake River and July 1 to
August 31 in the | ower Colunmbia River (NMFS 1995b).

Daily average flows during the juvenile Snake River fall chinook
sal non passage season in recent years are presented in Table 10.

42



Tabl e 10. Average Flow (kcfs) during juvenile fall chinook
sal non mgration period.

Snake River at Lower Granite Dant

Year Jun 21 - Aug 31 Jun 21 - Jul 31 Aug 1 - Aug 31
1985 28.3 31.6 24.1
1986 30.6 38.0 20.7
1987 19.6 21.1 16.6
1988 47. 2 22.5 51.4
1989 30. 8 35.5 24. 7
1990 27.6 34. 4 18.7
1991 30.9 42.1 16. 2
1992 19.0 23.6 13.0
1993 46. 1 55.7 33.3
1994 26.0 35.9 12.9
Col unbi a River at MNary Danf
Year Jun 21 - Aug 31 Jun 21 - Jul 31 Aug 1 - Aug 31
1985 106.0 117.5 90. 8
1986 141. 6 156. 9 121.3
1987 107. 1 110. 3 102. 8
1988 139. 4 103.1 187.5
1989 99.4 105. 3 91.7
1990 158. 8 178. 5 132. 8
1991 184. 8 209. 5 152. 1
1992 111. 6 117.5 103. 7
1993 141. 7 161. 3 115. 8
1994 125. 6 154. 1 87.8

' From Fi sh Passage Center
> From CCE, North Pacific Division, Reservoir Control Center

The proposed action attenpts to neet flows in the Snake River

bet ween June 21 and July 31 of at |least 50 kcfs in nost years.
This flow level is equal to the | ower bound of the flow range of
50-55 kcfs identified in NMWS (1995b), but is for a shorter
duration. The proposed action is intended to achieve flows in
the Col unbia River between July 1 and July 31 of at |east 160
kcfs in nost years. This flowlevel is less than the flow

obj ective of 200 kcfs identified in NWS (1995b) and the Recovery
Plan and is for a shorter duration.

An estimate of the percentage of years that the Recovery Pl an

flow |l evels are achieved in the proposed action is presented in
Tabl e 11.
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Tabl e 11. Percentage of Years that BPA Bi Op
Study Meets Proposed Recovery Plan Flows - fall
chi nook M gration Peri ods.

Snake Ri ver at Lower Ganite

Bi Op Jun 21- Jun 21- Jul 16- Aug 1- Aug 16-
Vol une Aug 31 Jul 15 Jul 31 Aug 15 Aug 31
Di schar ge
(Q
Q<= 16 MAF 0% 46% 23% 0%
@ 16 MAF 0% 100% 0% 0%
and
Q<= 28 MAF
@ 28 MAF 35% 100% 55% 0%

Col unmbi a River at MNary
Bi Op
Di schar ge Jul 1- Jul 1- Aug 1- Aug 16-
(Q Aug 31 Jul 31 Aug 15 Aug 31
@ 200 kcfs 16% 44% 4% 2%

The effect of flow on juvenile fall chinook sal non survival and
identification of desirable flow ranges are reviewed in NVFS
(1995b). Results of passage nodel anal yses, which include
effects of flow neasures and ot her proposed actions on estimated
nortality of juvenile fall chinook sal non, are described in
section IV.A 7.c.

g. Ef fects on Adult Snake River Fall Chi nook
Sal non

The fl ow augnentati on of 0-200 kaf from Brownl ee Reservoir in

| at e August or early Septenber, in association with rel ease of
0-470 kaf or nore from Dworshak Reservoir between June 21 and
Sept enber 30, could potentially reduce delay of adult Snake River
fall chinook sal mon by reducing early Septenber tenperatures in
the | ower Snake River, thereby potentially increasing survival.
However, enpirical evidence that the volunme of water proposed for
fall flow augnentation would acconplish tenperature reduction

t hroughout the | ower Snake River is lacking. Further, it is
likely that the 470 kaf from Dworshak Reservoir will be required
during the juvenile fall chinook mgration period in July and
early August.
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A March 17, 1992, letter fromR Schmtten (NMFS) to R Flanagan
(COE) reviewed the relative benefits of providing limted water
for flow augnentation during either the juvenile or adult Snake
Ri ver fall chinook sal non mgration periods and concl uded t hat
"until the travel tinme of actively mgrating subyearlings is
mnimzed, flows for juvenile sumer mgrants should be given
priority over flows for adult Snake River fall chinook sal non."
A January 19, 1993, letter fromM Tuttle (NVFS) to M Laws (CCE)
reiterated the inportance of adequate flow conditions for
juvenile fall chinook sal non, based on a review of avail able

i nf or mati on.

In summary, the availability of significant storage vol umes for
tenperature reduction during August/ Septenber and/or flows during
Sept enber for adult Snake River fall chinook sal non, based on a
prioritization of water for juvenile Snake R ver fall chinook

sal non as reconmended by NWFS, will be considered in the in-
season nmanagenent process on an annual basis. Therefore, no
effect of flow augnentation on adult Snake River fall chinook

sal nron can be determned at this tinme.

2. Ef fects of Spill
a. CGeneral D scussion

At some projects, fish passage efficiency (FPE, the proportion of
downstream m grants that pass the dans w thout going through
turbi nes) can be increased by increasing the anount of water
spilled during tinmes and seasons correspondi ng to each species’
peak mgration. Since nortality associated with passage through
spi |l | ways and bypasses is |less than that associated with passage
t hrough turbines (section IV.A 3.a), spill can contribute to
decreased overall nortality. At transport dans, increased spil
may reduce the nunber of fish guided into transport systens, so
spill at collector dans is not included in the proposed action.

Usi ng fish guidance efficiency (FGE, the proportion of fish
passing the danms via juvenile bypass systens) val ues provided by
NVFS for 1994 Col unbia River Sal non Passage Mddel (CR SP) runs,
FPE val ues have been cal cul ated by a nmethod approved by the

Col unmbi a Basin Fish and Wldlife Authority for inclusion in the
Detailed Fish Operating Plan (Fredricks 1993a, b).

b. Ef fects on Juvenil e Snake Ri ver Sockeye
Sal non and Snake River Spring/ Sumrer Chi nook
Sal non

An estimation of FPE values resulting from FCGE val ues and spill
proposed for the 1994 through 1998 period is presented in Table
12. The FPE woul d be approximately equal to FGE without spill.
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Tabl e 12. Proposed action FGE and FPE val ues for spring
mgrants. "’

Pr oj ect Proposed 1994-1998 Reducti on of
Acti on percent age of fish
passi ng t hrough
turbines (vs no
spill)?®
FGE FPE
| ce Harbor 68% (25 kcfs (fl ow dependent; at
spill cap; |85 kcfs reduction =
flow 9%
dependent;
at 85 kcfs
FPE = 77%
The Dall es 43% 48% 5%
Bonnevil l e 40% 70% 30%

' Fredricks (1993a)

> Fredricks (1993b)

° Cal cul ated as (% FPE- % FGE)

* Assumes 90% of power house flow through first powerhouse,
10% of power house fl ow t hrough second power house.

The proposed spill, as indicated above, will result in increased
FPE val ues, which in turn should result in reductions in
nortality for juvenile Snake River spring/sunmer chinook sal non

and Snake River sockeye salnon, relative to a no spill action.
The reduction in nortality occurs because juvenil e sal non passed
via spill are expected to experience no greater than three

percent direct nortality, whereas a nortality rate of 10%to 19%
I's expected for fish passing through turbines (section

IV.A.3.a.). Effects of spill at all projects, in conjunction
with other non-spill neasures, is assessed with passage nodeling
described in section IV.A 7.b.

Potential negative effects of spill may occur due to gas
supersaturation. Spill may also inhibit adult passage at dans.

These effects are addressed for both juveniles and adults in
section IV. A 2.d.

C. Juvenil e Snake Ri ver Fall Chi nook Sal non
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An estimation of FPE values resulting fromspill proposed for the
1994 through 1998 period is presented in Table 13. The FPE would
be approxi mately equal to FGE without spill

Tabl e 13. Proposed action FGE and FPE val ues for sunmer
mgrants. "’

Pr oj ect Proposed 1994-1998 Reducti on
Acti on of
Per cent age
of Fish
Passi ng
Thr ough
Tur bi nes’®
FGE FPE
| ce Harbor 33% (25 kcfs (fl ow dependent; at
cap; flow 50 kcfs reduction =
dependent; 34%
at 50 kcfs,
FPE = 67%
John Day 26% 37% 11%
The Dal |l es 43% 45% 2%
Bonnevil | e 0% 50% 50%

' Fredricks (1993a)

Fredricks (1993b)

Cal cul ated as (FPE - FGE)

* Cebal | os (1994)

® Assunmes 100% of power house flow through first powerhouse and
no sumrer operation of submerged traveling screens

w N

Proposed spill at Bonneville and The Dalles dans will result in

i ncreased FPE val ues, which in turn should result in a reduction
in nortality. The reduction in nortality occurs because juvenile
Snake River fall chinook sal non passed via spill are expected to
experience no greater than three percent nortality, whereas a
nortality rate of 5% to 15%is expected for fish passing through
turbines (section IV.A 3.a). Proposed interimspill at Ice

Har bor is established at 30% of instantaneous project discharge,
up to a maxi mum of 25 kcfs. Therefore, unless 30% of

i nst ant aneous project discharge is bel ow 25 kcfs during sumrer

operation, FPE will vary with flow |levels and |ikely change
daily. Effects of spill at all projects, in conjunction with
ot her non-spill neasures, is assessed with passage nodeling

described in section V. A 7.c.
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Potential negative effects of spill may occur due to gas
supersaturation. Spill may also inhibit adult passage at dans.
These effects are addressed for both juveniles and adults in

section IV. A 2.d.

d. Adul ts and Juveniles of Al Three Species

I ncreased gas saturation |levels associated with the spill levels
identified by this action are not expected to affect adult and
juvenil e Snake River salnon nortality. However, gas
supersaturation is a negative effect of spill and the precise
rel ati onshi p between spill |evels and gas bubble trauma in
juvenile and adult salnon migrating in the Colunbia and Snake

Ri vers is not known. The EPA has established a water quality
criterion of 110% of saturation at anbient tenperature and
pressure (EPA 1986). The states have adopted this criterion as
one of their water quality standards. The state standard are
exceeded each year fromeither involuntary spill, when river

fl ows exceed power house capacities, or voluntary spill for fish
passage, or both. The total dissolved gas (TDG |evels expected
fromthe spill levels for fish passage contained in this action
will likely exceed this standard by five to ten percent at sone
danms during sone portion of the mgration period.

In 1994, an energency spill operation was conducted at all FCRPS
danms, which resulted in average TDG | evels five to ten percent
above the established 110% TDG standard in the tailrace sections
bel ow the spilling danms. A conprehensive biol ogical nonitoring
effort found that | ess than one tenth of one percent of the
juvenil e sal noni ds exhi bited nmacroscopi c exterior gas bubble
trauma signs and no adult sal nonids or other aquatic organi snms
were found to exhibit these signs. M croscopic exam nations of
juvenile steelhead did reveal a fairly high preval ence of what
were thought to be external and internal signs of gas bubble
trauma. However, an in-season quality control review of the
nonitoring operation indicated that sanpling nmethods nay have
been responsi ble for many of these observations (Montgonery

Wat son 1994).

Subsequent review of the spring 1994 nonitoring results by a
scientific panel convened by NVMFS in June, 1994, highlighted that
key information is needed about the physiol ogical effects gas
bubbles in fish and how these fish survive in the river before
real -time nonitoring of synptons can be relied upon to protect
fish populations. The panel recomrended that this information
can be obtained by carefully planned field studies and physi cal
and bi ol ogi cal nonitoring of the river environnment during spil
periods. The panel concluded that signs of gas bubble trauma nay
be expected in sal nonids inhabiting shallow water near the
current water quality standard of 110% saturation. In a second
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neeting, in Novenber, 1994, the panel outlined its reconmended
physi cal nonitoring sites, physical nonitoring equi pnment and
protocol, biological nonitoring sites, and biol ogi cal
observati ons (NMFS 1995e).

The State Fishery Agencies of Oregon, |1daho, and Washi ngton and
the Colunbia River Intertribal Fish Comm ssion, in response to
requests fromthe state water quality managenent agencies, issued
a "Spill and 1995 Ri sk Managenent"” report in January, 1995, which
addresses risks to aquatic health associated with spill at

hydroel ectric projects on the nmai nstem Snake and Col unbia rivers
and focuses on protection sal non stocks mgrating past these
danms. The report weighs the benefits of spilling water at these
danms to inprove passage conditions for sal non agai nst the risks
associated with increased |levels of total dissolved gas. This
anal ysis concluded that in-river juvenile sal nonids exposed to
gas concentrations in the 120% - 125% range over an extended
period still benefit fromthe use of spill to avoid turbine
passage nortalities, despite the adverse effects of gas bubble
trauna.

Spill may inpede adult passage at dans by obscuring or bl ocking
entrances to adult fishways and causing i ncreased fallback
through the spillway. Spill levels and hours are limted to
conpensate for this. At Bonneville Dam the Fish Passage Pl an
(FPP) specifies that daylight spill is limted to 75 kcfs between
t he hours of 0600 and 1900 to limt adult sal nonid fallback
through the spillway. Spill occurrence is generally limted to

nightti me hours at The Dalles and John Day dans by the Fish
Passage Center in accordance with the Appendix F of the FPP. The
FPP specifies that spring spill at Ice Harbor Damis limted to

ni ghtti me hours; however, summer spill is not.
3. Ef fects of Project Operation and Mii nt enance
a. Juveniles of Al Three Species

Injury and nortality can occur through each dam passage route
(turbines, spillways, ice and trash sluiceways, and juvenile fish
bypass systens), but nunerous studi es docunent that |oss rates

t hrough turbines are generally high relative to the other routes
of passage. Direct turbine nortality can range from8%to 19%
for yearling salnmon and 5% to 15% for subyearling sal non (Hol nes
1952; Ledgerwood et al. 1990; Long 1968; Iwanoto et al. 1994).

For both spring/sumrer and fall chinook salnmon, spill nortality
generally ranges fromO0%to 3% and juvenile bypass nortality,
excluding outfall nortality, can range from1%to 3% (Brege et

al . 1987; Ledgerwood et al. 1987; Ledgerwood et al. 1990; Raynond
and Sinms 1980). Values of turbine, spill, and bypass nortality
are not avail able for sockeye sal non; however, it is reasonable
to assunme that these values are simlar to, or greater than
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val ues for yearling chinook sal non due to size and tim ng of

m gration and due to their greater susceptibility to physical
injury and nortality in project passage and handling (CGessel et
al . 1988; Hawkes et al. 1991; Johnsen et al. 1990; Koski et al.
1990; Paranetrix 1990). The FCE research studies conducted in
1993 support the assunption that nortality is higher for sockeye
sal non than for yearling chinook salnon. Studies at McNary Dam
showed that overall descaling (all screen types tested) for
juvenil e sockeye sal non was nearly three tinmes higher than for
year|ling chinook sal non (McComas et al. 1994). Studies at The
Dal |l es Dam i ndicated that overall descaling for juvenile sockeye
sal non was nore than three tinmes higher than for yearling chinook
salnon (Brege et al. 1994). Passage survival estimtes assune
that FCRPS projects are operating in conpliance with standards
specified in the FPP. For a variety of reasons, fish passage
facilities at Snake and Col unbia River projects fail to operate
within optimumcriteria a substantial portion of the tinme during
the m gration season (Basham 1994; Eby 1994).

Del ayed nortality of salnon juveniles stressed after passing

t hrough bypass systens has not been evaluated at nost dans in the
Col unmbi a River Basin. Sal non juveniles subjected to bypass-

rel ated stress may undergo significant nortality due to increased
predati on (Ledgerwood et al. 1990). Mortalities may occur

I medi ately or not until days after the fish exit the bypass
outfall.

The FPP and the Project |Inprovenent for Endangered Species (PlES)
proposed by the COE |ist nunerous actions designed to inprove
survival of juvenile sal non during dam passage. The follow ng
actions will be inplenented during the 1995 through 1998 peri od
and are anong those actions nost likely to reduce juvenile
nortality for all species:

(1) Upgrading of the juvenile orifice entrances at Bonneville
and John Day Dans is schedul ed for conpletion by March 1995, and
April 1995, respectively. Although the reduction in nortality
cannot be quantified, these inprovenents are expected to benefit
|l i sted sal non by reducing juvenile descaling and other fish
injury.

(2) Current operation of subnersible travelling screens (STS) at
Ice Harbor Damis expected to increase guidance efficiency of
juvenile mgrants. The conplete juvenile bypass systemat Ice
Har bor is scheduled for installation by the spring mgration in
1996.

(3) Operation of extended screens at McNary, Little Goose, and
Lower Granite Dans is expected to increase guidance efficiency of
juvenile mgrants. |In the absence of relevant survival studies,
any resulting reductions in nortality cannot be quantifi ed,
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al though this operation is expected to reduce nortalities.
Latest installation schedule is md-season 1996 for Lower
Granite, and Decenber 1996 for Little Goose and McNary (Barila
1994).

(4) Testing of prototype surface collection systens at Lower
Granite, Ice Harbor, The Dalles, John Day, and Bonneville Dans is
proposed to be conducted in the 1995-98 tine period. A surface
collection systemat Wlls Damon the m d-Col unbia R ver has been
successful in passing a high percentage of juvenile mgrants.
Because of different configurations and fl ow dynam cs at each
project, it is not known if the surface collection concept would
achieve simlar results at |ower Snake and | ower Col unbia River
projects. Because of the uncertainties of effectiveness,
unspeci fi ed schedules for testing and anal ysis, and, if found
effective, unspecified installation schedul es of permnent
systens, any potential benefits cannot be quantified at this
time.

) Inprovenent in the operational control of turbine units,

| ow ng operation within one percent of peak efficiency at al
ght mai nstem federal dans on the Snake and Col unbia Rivers,
i1l increase survival of juvenile fish that are not gui ded
hrough bypass systens. However, the BPA proposes to operate
turbi nes outside of peak efficiency to neet firm energy

comm tnents, which wll reduce benefits for fish. Turbine
survival is directly related to turbine efficiency (Long and
Mar quette 1967), but the precise benefits of increased turbine
efficiency, especially in light of indeterm nate excursions out
of peak turbine efficiency, are unknown.

5
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(6) Modification of the juvenile bypass system at Bonneville Dam

to reduce the negative effects (i.e. air entrainnment, flow

vel ocity changes) of a 90 degree bend in the bypass channel is

expected to benefit juvenile mgrants to an undeterm ned degree.
Construction is due to be conpleted by March 1995.

b. Juveni | e Snake Ri ver Sockeye Sal non and
Spri ng/ Sunmer Chi nook Sal non

Compl etion of the juvenile bypass systemat |ce Harbor Dam shoul d
result in a reduction in nortality of mgrating juvenile

spring/ summer chi nook sal non. However, in the absence of

rel evant research, any resulting reduction in nortality is
unquanti fi abl e.

Pr ot ot ype extended-|ength subnersible bar screen tests at MNary
Dam have denonstrated inproved FGEs for spring mgrants. NMbst
recent tests in 1994 have shown nean yearling chi nook gui dance of
85%to 89% (McConas et al. 1994). However, descaling rates in
initial test years were higher than with standard STSs (M Comas
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et al. 1993). Testing in 1993 resulted in a reduced incidence of
descaling wth extended | ength diversion screens. Subsequent

i nprovenents, primarily addition of prototype vertical barrier
screens to inprove gatewell hydraulics in 1994, have shown a
further decreased incidence of descaling. Descaling rates
observed in test and control slots were not significantly
different (McComas et al. 1994). Pending further evaluation,
these screens are scheduled to be installed at McNary in 1996.

These effects, in conjunction with other actions affecting
juvenil e passage survival, are quantified to the extent possible
I n nodel i ng anal yses described in section IV.A 7.c.

C. Juvenil e Snake Ri ver Fall Chi nook Sal non

Compl etion of the juvenile bypass systemat |ce Harbor Dam shoul d
result in a reduction in overall nortality of mgrating juvenile
fall chinook salnon. However, in the absence of relevant

research, any resulting reduction in nortality is unquantifiable.

Ext ended- | engt h submersi bl e bar screen tests at McNary Dam have
denonstrated i nproved FGE's for sunmer mgrants, with descaling
rates only slightly higher than with standard subnersibl e
travelling screens (MComas et al. 1993). Pending further

eval uation, these screens are scheduled to be installed at MNary
Damin 1996. Prototype extended-|ength subnersible bar screen
tests at McNary Dam have denonstrated i nproved FGEs for summer
mgrants. Most recent tests in 1994 have shown nean subyearli ng
chi nook gui dance of about 66% (McComas et al. 1994). However,
until fully evaluated, potential beneficial effects of extended
screens for enhancing collection capabilities at transport

proj ects cannot be quantifi ed.

The conti nui ng extended seasonal operation of juvenile fish
bypass facilities at Lower Ganite, Little Goose and Lower
Monunent al Dans (extended to Cctober 31) and McNary Dam (ext ended
to Decenber 31) should reduce nortality of Snake R ver fal

chi nook sal non, as fewer fish will be subjected to turbine
nortality.

These effects, in conjunction with other actions affecting
juvenil e passage survival, are quantified to the extent possible
I n nodel i ng anal yses described in section IV.A 7.

d. Adults of Al Three Species

Cumul ative loss for adults migrating up the Colunbia and Snake
Ri vers through the ei ght mainstem danms can be substantial. One
estimate of loss is calculated fromthe difference in adult
counts between dans (after adjustnent for |egal harvest) and
represents loss and nortality. Mortality can be caused by
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del ayed m gration, fallback through turbines, illegal harvest and
del ayed nortality frommari ne mammal predation, gill net

i nteractions, and di sease. Apparent adult |oss between dans may
al so be due to factors other than nortality of adults, such as
counting errors, double-counting fish that fall back and re-
ascend | adders, straying, and tributary turnoff. The conbination
of these effects has |led to apparent adult passage | osses between
Bonnevi |l |l e Dam and Lower G anite Dam

Mortality due to passage through the FCRPS consists of an unknown
proportion of the apparent 60.4% passage | oss (based on adult
fish count anal ysis 1985-94) of adult Snake River fall chinook
sal non passi ng through the FCRPS (Ross 1995). Another indication
of adult passage loss is data from radi otaggi ng studi es (Mendel

et al. 1992; Bl ankenship and Mendel 1993; Liscomet al. 1985).
Combi ned passage | oss of radio-tagged fall chinook sal non during
studies in the | ower Snake and | ower Colunbia Rivers is estinated
to be 39.3% (Ross 1994). This is about two-thirds of the
approxi mat e 60% aver age passage loss, with its inherent

nortality, described above. The NWFS considers the 39.3% 1| oss of
radi o-tagged fall chinook salnon to be a nore representative
estimate of nortality attributable to the passage through the
FCRPS.

Mortality due to passage through the FCRPS consists of an unknown
proportion of the apparent 30.0% passage | oss (based on adult
fish count anal ysis 1985-94) of adult Snake River spring/sunmer
chi nook sal non passing through the FCRPS (Ross 1995). Anot her

i ndi cati on of adult passage loss (i.e., not due to counting
errors, double-counting fish that ascend | adders nore than once,
straying or tributary turnoff) is data from radiotaggi ng studies
(Bjornn et al. 1992, 1993; Shew et al. undated; J. Hunt,
University of ldaho, January 19, 1994, pers. comm). Conbined
passage | oss of radio-tagged fish during cited studies in the

| ower Snake and | ower Colunbia Rivers is estimated to be 20.9%
(Ross 1994). The NMFS considers the 20.9% | oss of radio-tagged
spring/ summer chi nook salnon to be a nore representative estimte
of nortality attributable to the passage through the FCRPS.

An estimated 15.4% (1985-1994) of the adult sockeye sal non are
unaccount ed for between Bonneville and Lower G anite dans, and
are consi dered passage nortality (Ross 1995).

Wil e these estimates were devel oped for m xed stocks of each
species, it is assuned that the sane |oss rates apply to Snake
Ri ver stocks.

Since mgrating salnmon generally do not feed, delays during

m gration can deplete |imted energy reserves, increase
nortality, and reduce spawni ng success (NMFS 1991a,b,c). Average
per-project delay of all three |isted Snake Ri ver sal nobn species
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at | ower Colunbia R ver danms is about one to three days when good
passage conditions exist (Ross 1983; Turner et al. 1984b).

Aver age per-project delay of spring/sumer chinook sal non at a

| ower Snake River damin the early 1980s was about one to two
days when no spill was occurring and five to seven days during
high spill (Turner et al. 1983, 1984a). The nedi an passage

del ays recorded during 1993 studies at |ower Snake River projects
ranged fromO0.6 to 1.2 days during periods of no spill to nmedium
(40-80 kcfs) spill (Bjornn et al. 1994).

Fal | back of adults through turbines or spillways can result in
nortality during adult passage. The proportion of adult sal non
falling back through spillways can be as high as 58% (Monan and
Liscom 1975). Fall back through turbines has resulted in 22%to
41% nortality of adult steel head (Wagner and Ingram 1973), and is
assunmed to be simlar for adult sal non. Extended juvenile bypass
syst em operations, discussed bel ow, are expected to reduce the
nunber of adult fallbacks that die as a result of direct turbine
nortality. Also, operation of extended-|ength diversion screens
at McNary, Little Goose, and Lower Granite Dans (after 1995) is
expected to decrease fallback nortality.

Passage del ay and survival estinates assume that FCRPS projects
are operating in conpliance with standards specified in the FPP.

For a variety of reasons, fish passage facilities at Snake and
Col unmbia River projects fail to operate within optinumcriteria a
substantial portion of the time during the mgration season
(Basham 1994; Eby 1994).

The FPP and the PIES proposed by the CCE for inplenentation
during the 1995 t hrough 1998 period include several actions
designed to inprove survival of adult sal non during dam passage.
The conpletion of the juvenile bypass systemat |ce Harbor Dam
by 1996, the continued inplenentation of the 75 kcfs daytine
spill cap at Bonneville Dam and the continui ng extended
operation of juvenile bypass systens at Lower Ganite, Little
Goose, Lower Monunental and McNary Dans are actions that should
reduce fallback nortality of mgrating adult sal non

High adult fish | adder tenperatures at the Snake River projects
during | ow water conditions may cause increases in adult sal non
nortality. Reductions in |adder water tenperatures as a result
of | adder inprovenents are projected to begin in 1998. However,
because no specific | adder nodifications have been proposed, it
is not possible to quantify the benefit to adult sal non passage.

Several other actions in the PIES are in progress and expected to
be conpl eted during the 1995 through 1996 tine period. Although
the benefits cannot be quantified at this tinme, the follow ng

PI ES actions are anong the nost likely to reduce adult nortality
for all species:
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(1) Sources of adult fishway contam nation will be identified
and controlled at all projects by 1995.

(2) At Bonneville Dam the first powerhouse adult fishway
entrances and controls will be nodified to i nprove passage
conditions and reliability by 1996.

(3) At McNary, Lower Monunental, Little Goose, and Lower Granite
Dans, adult fishway control systens will be conputerized to all ow
better and nore reliable control of the adult fishway.

These i nprovenents are expected to benefit |isted species during
the 1995 through 1998 peri od.

e. Adul t Snake Ri ver Sockeye Sal non and Adult
Snake Ri ver Spring/ Sumrer Chi nook Sal non

The conpletion of the juvenile bypass system at |ce Harbor Dam by
1996 shoul d reduce the nortality of adult Snake River

spring/ summer chi nook sal non and Shake River sockeye sal non which
fall back through project turbines. Adults that would have

fall en back through the turbines will be guided through the
juvenil e bypass systemand returned to the river.

Adul t sal nonid fallbacks through the Lower Granite Dam juvenile
bypass system were counted, by species, during 1991. Applying
the 22%to 41% range of turbine passage nortality yields an
estimated increase in survival ranging fromO0.06%to 0.1% This
estimation assunmes that the 1991 chi nook sal non juvenil e bypass
system fal |l back rate and the wei ghted average of the 1990 and
1991 re-ascension rates (from McNary Dam research) nay be applied
to an analysis of fallback nortality changes at |ce Harbor Dam
(from 1996-98) due to the future operation of STSs and the

associ ated conpl ete juvenil e bypass systens (Reck 1994).

High adult fish | adder water tenperatures at the Snake River
projects during sunmrer may cause increases in adult Snake River
spring/ summer chi nook salnon nortality. Reductions in |adder
wat er tenperatures as a result of |adder inprovenents are
projected to begin in 1998. However, because no specific |adder
nodi ficati ons have been proposed, no benefits were assuned for
this consultation.

In summary, the estimted 15.4% adult passage nortality of Snake
Ri ver sockeye sal non and the estinmated 20.9% adult passage
nortality of Snake Ri ver spring/sumer chinook sal non are
expected to be reduced by an unquantifiabl e anbunt due to passage
i nprovenents expected to be in place during the 1995 through 1998
period. The expectation of reduced passage | oss appears to be
supported by estimation of a higher spring chinook salnon inter-
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dam passage success rate (based on differential FCRPS dam adul t
fish counts) for 1992, relative to other recent years (Dauble and
Muel | er 1993; NMFS 1994a, p. 24). However, the 1992 inter-dam
passage success rate is within the range of variability of this
value for the last 10 years. Therefore, although 1992 passage
success rates are encouraging, it is not appropriate to quantify
a declining passage loss trend until nore observations are
avai l abl e. These actions are expected to result in decreased
nortality, although the |evel of decrease cannot be quantifi ed.

f. Adult Snake River Fall Chinook Sal non

The conpletion of the juvenile bypass systens at |ce Harbor Dam
shoul d reduce the nortality of adult Snake River fall chinook
sal non which fall back through project turbines. Adults that
woul d have fallen back through the turbines will be guided

t hrough the juvenile bypass systemand returned to the river.

Adul t sal nonid fall backs through the Lower Granite Dam juvenile
bypass system were counted, by species, during 1991. Applying
the 22% to 41% range of turbine passage nortality estinates
yields an estimated increase in survival ranging fromO0.7%to
1.2%at |ce Harbor Dam from 1996-98. This estinmation assunes
that the 1991 Lower Granite Dam fall chinook sal non juvenile
bypass system fall back rate and the wei ghted average of the 1990
and 1991 re-ascension rates (from McNary Dam research) may be
applied to an analysis of fallback nortality changes at Ice

Har bor Dam due to the future operation of STSs and the associ at ed
conpl ete juvenil e bypass system (Reck 1994).

The extended seasonal operation of juvenile fish bypass
facilities (through Decenber 15) should help to reduce fall back
nortality of mgrating adult Snake River fall chinook salnon. A
range of one to 70 mgrating adult fall chinook sal non were
counted per eight-hour counting period at McNary Dam i n Novenber,
1982 through 1991, indicating that substantial nunbers are
present at |east through Novenber. The proportion of radio-
tagged fall chinook sal non fall backs have been docunented as high
as 53% (8 of 15 fish) at Lower Granite Dam (Mendel et al. 1992).

High adult fish | adder water tenperatures at the Snake River
projects nmay cause increases in adult Snake River fall chinook
sal non pre-spawning nortality. Decreases in |adder water
tenperatures as a result of |adder inprovenents are projected to
begin in 1998. Because of mgration timng, these benefits are
likely to be higher for fall chinook sal non than for

spring/ summer chi nook or sockeye sal non. However, because no
specific | adder nodifications have been proposed, no benefits
were assuned for this consultation.
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In summary, the estimted 39. 3% passage nortality of adult Snake
Ri ver fall chinook salnon is expected to be reduced by an
unquanti fi abl e anbunt due to passage i nprovenents expected to be
in place during the 1995 through 1998 period. The expectation of
reduced passage | oss appears to be supported by estinmation of a
hi gher inter-dam passage success rate (based on differenti al
FCRPS dam adult fish counts) for 1992, relative to other recent
years (Dauble and Mieller 1993; NWFS 1994a, p. 24). However, it
I's not appropriate to quantify a declining passage |oss trend
until nore observations are available. For purposes of analysis
for Snake River fall chinook salnon in this biological opinion,
these actions are expected to result in an unquantifiable
decrease in nortality.

4, Ef fects of Transportation
a. Ef fects on Juveniles of Al Listed Species

During collection, juvenile fish are exposed to conditions that

i ncrease indices of stress. Sone fish may die from handling or
collection prior to |loading on a barge or truck, or subsequent to
their release, sone nortalities nmay occur as a result of

i ncreased exposure to fish pathogens, and sone nortalities likely
occur from predation by larger salnonids in raceways or by non-
sal noni d predators upon release. The estimated overall facility
nortality fromcollection at individual projects ranges fromO0.3%
to 6.3% depending on the facility and the species/life stage
(CCE 1993).

Preci se data on nortality of juveniles during transportation do
not exist, although the COE estimates that seasonal average
direct nortality (observable nortality prior to release) for
collection and transportation conbined is up to two percent (CCE
1993). Stress, injury, and disease transm ssion are potenti al
causes of nortality during transport. Predation by |arger

sal noni ds upon snaller ones may al so occur. Research is being
conducted on factors that may contribute to nortality during
col l ection and transportation.

El evated plasna cortisol |evels associated with stress induced by
mar ki ng procedures have been found to decrease significantly to
pre-mark | evels during truck transportation (Matthews et al.
1987). Prelimnary results of another study indicate that, while
initially elevated, stress indicators in juvenile sal nonids
(plasna cortisol, white blood cell levels, conposition of white
bl ood cells, dimnished avoi dance behavi or) associated with
collection, holding in raceways, and |oading onto barges often
decrease during the course of bargi ng downriver (Schreck and
Congl et on 1993).
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The response of juvenile salnon to collection at Lower Granite
Dam and transportation by barge was assessed by neasuring vari ous
physi ol ogi cal , performance, and behavioral traits. Prelimnary
1994 results indicated that el evated plasma cortisol levels in
bar ged chi nook sal non and steel head were largely elimnated early
in the trip downriver during early and | ate season trials.
However, at the peak of the mgration, plasma cortisol levels in
year |l i ng chinook sal non remai ned el evated throughout collection
and transportation. Plasnma cortisol concentrations taken from
wi | d and hatchery chinook sal non in barges at Lower G anite Dam
were consistently and significantly higher in wild, than in

hat chery fish, throughout the mgration. The highest cortisol
concentrations in both groups occurred during peak novenent of
juvenil e chinook salnon into the collection facility (Schreck and
Congl eton 1994).

Pl asma sanpl es from chi nook sal non in gatewells and barges at
Lower Granite, and from barges after transport, indicated that
def enses agai nst di sease pat hogens were significantly decreased
in the fish after transportation (Schreck and Congl eton 1994).

Swi nm ng performance of chi nook sal non before and after barging
was eval uated and no clear trends were observed. The ability of
year|ling chinook sal non sanpled froma barge at Lower G anite Dam
to survive a saltwater challenge was reduced on each of three
successive test dates over the course of the juvenile migration
(Schreck and Congl eton 1994). Performance indicators are of
particul ar interest because inpaired performance can reasonably
be expected to predict reduced ability to survive after rel ease.

The behavior of fish in raceways, and in barges during transport,
was exam ned using underwater video. Most interactions were
startl e responses of undeterm ned cause and cl assi c aggressive
behaviors were rarely observed. |medi ate post-rel ease behavi or
was al so nonitored after rel ease from barges using

radi otel enetry. The information gained may be used to eval uate
the initial mgration speed of downstreamtravel for each tagged
fish, and the m ni mum nunber of tagged fish successfully

m grating through the i medi ate rel ease area. At rel ease, npst
of the radio-tagged fish noved downstreamat a rate of one to two
mles per hour. This rate of novenent is conparable to that
observed in previous years of this study. The ngjority of the
tagged fish probably reached the estuary in 36 to 72 hours after
rel ease (Schreck and Congl eton 1994).

The incidence of bacterial kidney disease (BKD) and the potenti al
for transm ssion between wild and hatchery stocks of

spring/ summer chi nook sal non collected for transport are being

i nvestigated in ongoi ng research conducted by the Nati onal

Bi ol ogi cal Survey (NBS) to determine if BKD contributes to poor
survival of spring/sunmer chinook salnmon snolts (Elliott and
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Pascho 1993, 1994a,b). Laboratory cohabitati on and wat erborne
experinments indicate that Renibacterium sal noni narum the
causative agent of BKD, can be transmitted to healthy chinook
sal non snolts during a 48-hour exposure to chinook sal non
infected at levels within the range observed in yearling chinook
sal non snolts during nonitoring at hydroelectric danms. Results
of 1992 tests |nd|cate a high concentration |evel of R

sal noni narum (1X10° cells per milliliter) may be required for

i nfection of greater than 50% of the exposed fish wthin a 48-
hour exposure period (Elliott and Pascho 1994a). The incidence
of BKD in migrating juvenile sockeye sal non and fall chinook
sal non has not been investigated.

Based on estinmated FGE' s (COE 1993), approxi mately 56% of

outm grating spring/sumer chi nook sal non, 35% of outm grating
fall chinook sal non, and 48% of outm grating sockeye sal non nay
potentially be transported at Lower Granite Dam Yearling

chi nook sal non gui dance, as estinmated by detections of PIT-tagged
fish at Lower Granite from NVFS/ University of Washi ngton (UW
1993 reach survival study groups, was slightly lower at 49.5%
(Iwanmoto et al. 1994). The FGE of subyearling chinook sal non has
not been evaluated at Lower Ganite Dam but is believed to be
about 25% based on nunbers of subyearlings collected at Lower
Granite and Little Goose Dans and prof essi onal judgenent
(Cebal I 0s 1994).

To minimze handling stress and physical injury of sanpled fish,
benzocaine will be adm nistered to fish held in pre-anesthetic
systens before the fish are routed to sanpling troughs using
water-to-water transfer. Ms5-222 anesthetic is administered in
the sorting trough to further anesthetize fish before handling.

Al fish will be anesthetized in water before handling.

Anest heti zed fish will be allowed to fully recover before being
rel eased or | oaded for transport. Quality control of collection
and transportation operations will be provided by fishery

bi ol ogi sts from the Washi ngton Departnent of Fish and Wldlife
(WDFW and Oregon Departnent of Fish and Wldlife (ODFW.

The direct nortalities and other inpacts on juvenile and adult

i sted sal non have been minim zed over the | ast several years due
to inprovenents to the transportation program such as:

i nprovenents of fish sanpling methods and equi pnent, installation
of pre-anesthetization systens, inprovenents to flunes raceways
and bypass pipes, and installation of |arger gatewell orifices
with capability for back-flushing debris, and extended transport
seasons with offshore rel ease of trucked fish. Reduction of
direct nortalities as a result of these inprovenents have not
been quantified. Inprovenents to the transportati on program are
routi nely made each year based on recomrendati ons devel oped from
research, nonitoring, and evaluation results. These inprovenents
are expected to mnimze the potential for adverse effects
(including nortalities) to the |isted species.
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The NMFS research on transportation of juveniles has shown that
collecting fish at upstream dans and transporting them bel ow
Bonneville Damis a neans to reduce |oss of juveniles through the
exi sting hydropower system and enhance the nunber of returning
adults. From 1968 through 1980, 24 separate truck and barge
transportation studies were conducted on juvenile spring/sunmer
chi nook at various dans on the Snake River (Matthews 1992). In
10 of the tests (42%, significantly nore transported fish were
recovered as adults than control fish, indicating higher survival

for the transported group. 1In only one test (four percent),
significantly nore control fish were recovered than transported
fish. In 13 tests (54%, adult recoveries were too fewto

identify statistical differences in returns between transported
and control fish.

The survival of transported fish, conmpared to survival of contro
fish representing in-river mgrants, is expressed as a transport-
to-control (T/C) ratio. This ratio, based on pooled results from
i ndi vi dual mark groups, conpares the percent adult return of
transported juvenile fish (test fish) to juvenile fish that
mgrated in-river, or juvenile fish that were transported a short
di stance bel ow the marking site and then mgrated in-river
(control fish). Over the course of the 24 studies, T/Cratios
have ranged between 0.7 and 18.1, with 3 of the studies reporting
T/ C ratios bel ow one (Ebel et al. 1973; Ebel 1980; Park 1985;
Slatick et al. 1975). Results of research on Snake River
spring/ summer chi nook sal non juveniles transported by barge from
Lower Granite Damin 1986 indicate a T/Cratio of 1.6-to-1, with
a 95% confidence interval (Cl) between 1.01 and 2.47 (Matthews et
al . 1992). Studies on spring/sunmer chinook sal non transported
fromLower Ganite Damin 1989 indicated a T/Cratio of 2.4, with
a 95% Cl between 1.4 and 4.3. Results of studies at McNary Dam
in 1987 suggest a positive association between transport and
survival of spring chinook sal non based on a pooled T/C of 1.6-
to-1 (95% Cl, 1.18 to 2.25). T/ Cratios for all individual mark
groups were positive; however, the lower limt of the 95% Cls for
three of the five groups was | ess than one (Achord et al. 1992).
Transportation studies on spring chinook salmon at McNary Damin
1988 resulted in a T/Cratio of 1.6, with a 95% Cl between 1.0
and 2.6. Adult returns of fall chinook sal non rel eased as
juvenile transport and control groups from McNary Damin 1986
indicate a T/Cratio of 2.8, with a 95% Cl between 1.4 and 5.6
(Harmon et al. 1993). Results of studies at McNary Damin 1987
suggest a positive association between transport and survival of
subyearling chinook salnon (T/C 3.5-t0-1, 95% Cl 1.7 - 7.1)
(Harnmon et al. 1995).

While the mpgjority of juvenile fish currently transported are of

hat chery origin, early Snake River transport eval uation studies,
conduct ed between 1968 and 1973 invol ved predom nantly wld
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spring/ summer chi nook sal non. These studi es showed significantly
nore adults returning fromthe transported than non-transported
test groups (Ebel et al. 1973; Ebel 1980; Slatick et al. 1975).
The T/Cratios at the dans ranged from1l.1 to 18.1; simlar T/C
rati os were docunented at the hatcheries and spawni ng grounds
(Ebel et al. 1973; Ebel 1980; Slatick et al. 1975).

The only data avail abl e on sockeye salnon T/C ratios were as a
result of research conducted on juveniles transported by truck
and barge from Priest Rapids Dam between 1984-1988 (Carl son and
Mat t hews 1990; Carlson and Matthews 1991). Final statistical
anal yses of these studi es have not been reported and pl ans for
conpletion of a final report are unknown. However, the
prelimnary T/Cratios vary widely, and range fromO0.55-to-1 to
4.23-to-1.

State and tribal fisheries agencies have disagreed that the
transport survival studies cited above reflect estimted returns
of wild adult chinook salnon to spawni ng areas because: (1) the
T/Cratios for many of the studies were not cal cul ated separately
for wild and hatchery fish; (2) the T/Cratios for sonme of the
studies primarily reflect the response of hatchery fish to
transportation, since they conprise the majority of the fish
tested; (3) the T/Cratios for many of the studies reflect adult
returns to dans, and not to the spawni ng grounds or hatcheries;
(4) sone studies showed significant differences between earlier
and later mgrating fish, which were masked by cal culating a
conmbined T/Cratio for the entire study; and 5) transport groups
wer e barged, whereas control groups were often trucked to rel ease
sites bel ow t he next dam downstream of the dam at which the
controls were bypassed, captured and marked, resulting in an

ef fective conparison of short and | ong-haul transport.
(Gettenberger et al. 1993; Oney et al. 1992; STFAAT 1994).

NMFS consi ders anal yses, such as those included in section IV.A 7
of this biological opinion, which assune T/C ratios that are
within the 95% Cl estinmated fromthe 1986 and 1989 studi es at
Lower Granite Dam to be nore realistic than anal yses that assune
T/Cratios that are outside of the 95% confidence intervals.

At the request of NWMFS and USFWS, a review of NMFS
interpretation of available data on the benefits of
transportation was conpleted by the Independent Peer Review Team
(Team) in 1994 (Mundy et al. 1994). The Teani s mmjor findings
and concl usi ons included, but were not limted to, the follow ng:

1. Wth respect to the primary effects of juvenile fish
transportation, it is nore probable than not that transportation
acts to inprove the relative survival, as measured by recaptures
of transported and untransported adults at the point of
transportation, of certain species and |life history types of
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juvenile salnmon originating in the Snake River Basin under
certain hydroel ectric operational scenarios and fl ow regines.

2. The flow and operational scenarios that often provide
positive effects on relative survival of transported sal non to
the point of transportation are those associated with bel ow
average flow years with little or no spill.

3. The kinds of Snake River salnon for which transportation is
likely to inprove relative survival to the point of
transportation are the steel head, and to a | esser degree, the
yearling-m grant streamtype chi nook sal non desi gnated as
"spring/ sumrer chi nook™ sal non by NMFS.

4. Research results to date are not concl usive regarding the
ability of transportation to inprove returns to the spawni ng
grounds due to probl ens associated with experinental design.

5. There is insufficient information to determ ne how
transportation may affect the survival of listed fall chinook
sal non and sockeye sal non since avail able i nfornmation was
collected in places outside the Snake Ri ver Basin and nay not be
appl i cabl e i nside that basin.

Wth respect to Item5 above, although there have been no
transport studi es conducted using |isted subyearling Snake River
fall chinook sal non, two studies (1987-88) have been conducted
using a closely related stock (m d-Colunbia River fall chinook
sal non) transported from McNary Dam which nust al so be passed by
i sted Snake River fall chinook salnon. As described above, nean
T/Cratios were 2.8-to-1 in 1986 and 3.5-to0-1 in 1987, with 1.4-
to-1 representing the | owest end of the 95% Cl for the nean
estimates. In these experinents, test fish transported from
McNary Dam avoid the nortality associated with reservoir and

proj ect passage past three dans. The rel evance of these studies
to nodeling assunptions is discussed in Section I V.A 7.

b. Juveni | e Snake Ri ver Sockeye Sal non and
Spri ng/ Sunmer Chi nook Sal non

Conti nued inprovenents in the collection and transport of
juvenil e Snake Ri ver sockeye sal non and spring/ sumrer chi nook
sal non are anticipated as a result of related actions discussed
in other sections of this biological opinion. Installation of
extended-1 ength screens at Lower Granite and Little Goose Dans in
1996 and 1997, respectively, are expected to result in increased
FCE val ues and, therefore, fish passage efficiency (COE 1993).
Research indicates a potential average inprovenent in FGE from
14%to 18% for Snake River spring/sumrer chinook sal non with
extended-1 ength screens at Little Goose Dam (Gessel et al. 1994).
FCE of extended-length screens has not been eval uated at Lower
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G anite Dam However, based on data collected at Little Goose
Dam a potential inprovenent in FGE of approxinately eight
percent is anticipated (Ceballos 1994) Beginning in 1995, effort

wi Il concentrate on non-I|ethal nmeasurenent of guidance efficiency
usi ng hydroacoustics. Although fyke net | osses woul d be avoi ded
using this nmethodology, it will not be possible to discern

gui dance efficiency for individual species (i.e. yearling chinook
sal non, sockeye sal non, and steel head). Potential inprovenents
in FGE of Snake River sockeye sal nobn with extended-|ength screens
have not been eval uated; however, data for spring/sumer chinook
sal non are believed to be representative of sockeye sal non

(Schi ewe 1994). However, until fully installed and eval uat ed,
expect ed beneficial effects of extended screens cannot be
quanti fi ed.

Several COE PIES actions are expected to benefit the survival of
juvenile salnmon collected for transportation. Shading of the
raceways at Little Goose and Lower Granite Danms will |ikely
reduce stress for juvenile fish being held for transport by
reduci ng sol ar radi ation effects on water tenperatures and
provi di ng refuge. Because of |ow water tenperatures during the
spring mgration period, the effects of this action are likely to
be | ess for Snake River sockeye sal non and spring/ summer chi nook
sal non than for summer migrants. New fish barge oxygen
nonitoring systens and transport trailers are expected to inprove
conditions for Snake River sockeye sal non and spring/ sumer

chi nook sal non being transported. The potential benefici al
effects of these actions are unknown pendi ng eval uati on.

Fish transported by truck from m d-June through the end of the
transportation season will continue to be released md-river, via
a barge, bel ow Bonneville Damrather than fromshore at the
Ham [ ton Island rel ease site as was done in the past. This
action is likely to have mininmal effects on juvenile Snake River
sockeye sal non and spring/ sumrer chi nook sal non, due to the
timng of their downstream m grations.

C. Juvenil e Snake Ri ver Fall Chi nook Sal non

Conti nued inprovenents in the collection and transport of
juvenil e Snake River fall chinook sal non are anti ci pat ed.

Addi tion of transportation at Lower Monunental Damincreased the
nunber of mgrants available for transportation.

Several COE PIES actions are expected to benefit the survival of
juvenil e Snake River fall chinook sal non collected for
transportation. Shading of the raceways at Little Goose and
Lower Granite Dans will |ikely reduce stress for juvenile Snake
Ri ver fall chinook sal non being held for transport by reducing
effects of solar radiation on water tenperatures and providing
refuge. New fish barge oxygen nonitoring systenms and transport
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trailers are expected to inprove conditions for Snake River fal
chi nook sal non being transported. These neasures are expected to
reduce nortality, although the |evel of reduction cannot be
quantified at this tine.

Fish transported by truck from m d-June through the end of the
transportation season will continue to be released md-river, via
a barge, bel ow Bonneville Damrather than fromshore at the
Ham [ ton I sl and boat ranp, as was done in the past. This
procedure is likely to reduce the ability of predators to prey on
fish at a fixed release site. Mrtality due to predation is nost
significant during sunmer nonths when water tenperatures are high
and subyearling chinook sal non are present (Vigg and Burl ey
1991). The degree of reduction in predation |levels on Snake
River fall chinook salnmon as a result of this action cannot be
quantified at this tine.

d. Adul t Snake Ri ver Sockeye Sal non and Adult
Snake Ri ver Spring/ Sumrer Chi nook Sal non

As di scussed in section IV. A 3, extended juvenile bypass system
operations for the purpose of transportation are not expected to
af fect adult Snake River spring/sunmer chinook sal non or Snake
Ri ver sockeye sal non, because of migration timng.

As discussed in section IV.A 4.a., research indicates that T/C
ratios fromadult returns of spring/sumrer chinook sal non are
general ly higher for transported fish than for control fish
mgrating in-river. There is less information for sockeye

sal mon, and the results are less clear. However, based on
mgration timng and size of fish during mgration, under

exi sting flow and passage conditions it is |likely that transport
contributes simlarly to the survival of Snake River sockeye

sal non and spring/ summer chi nook sal non, although the precise

i ncrease in survival for each species is unknown.

e. Adult Snake River Fall Chinook Sal non

As di scussed in section IV. A 3, extended juvenile bypass system
operations for the purpose of transportation are likely to
benefit late-m grating Snake River fall chinook sal non.

As indicated in the discussion of subyearling fall chinook sal non
in lV.A 4.a. above, the results of transportation research at
McNary Damin the | ower Colunbia indicate that T/C ratios from
adult returns of fall chinook sal non are higher for transported
fish than for control fish mgrating in-river. Because of |ess
favorabl e river conditions during the summer migration period, it
is likely that transport positively affects the survival of Snake
Ri ver fall chinook salnon to a greater degree than for spring

m grants. However, because of the |imted nunber of research
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studies involving fall chinook sal nbon and questions regardi ng the
interpretation of research results identified in section
IV.A.4.a., the precise increase in survival for Snake Ri ver fal
chi nook sal non as a result of the transportation programis not
known.

5. Squawf i sh Renoval Program

An increase in predator populations as a result of danms creating
artificial habitat and concentrating prey is discussed as a
factor for the decline of each listed Snake River sal non species
(NMFS 1991a, b,c). Ildeal foraging environnments have been created
above and bel ow t he hydropower danms. Snolts that pass through
the projects are subjected to turbines, bypasses and spill ways,
resulting in disorientation and increased stress which nay reduce
the ability of snolts to avoid predators bel ow the dans. Above
the dans, the artificial |akes result in |ow water velocities
whi ch increase the snolt travel time and increase predation
opportunity. Increased water tenperatures, also a result of the
i npoundnent of the river, have been shown to increase predation
rates (Vigg and Burley 1991).

The system wi de squawfi sh renoval programwas not in effect prior
to 1990, although a limted effort in John Day pool in 1990
resulted in renoval of approximately 15,000 squawfi sh.

Therefore, it may be assumed that no significant human-induced
decreases in natural squawfish popul ations occurred in the

Col unmbi a and Snake Rivers prior to 1990.

The 1994-1998 FCRPS Bi ol ogi cal Assessnent states that the
squawfi sh renoval program was established with a goal of a
sust ai ned annual harvest of 10%to 20% of the adult squawfish
popul ati on. The 1994- 1998 FCRPS Bi ol ogi cal Assessnent estinates
exploitation rates of approximately 8.5%in 1993. O egon
Department of Fish and Wldlife estimated an exploitation rate of
about 13% for 1994 (Ward 1994). Because recent squawfi sh
exploitation rates have been estimated to be at or bel ow t he
program s goals, nodeling efforts discussed in section IV.B. 7
have incorporated nortality reduction benefit val ues ranging from
zero to 25% Based on 1994 exploitation, squawfish predation in
1995 is expected to be about 65% of pre-programlevels and, if
average 1991-94 exploitation continues, predation is expected to
stabilize at 57% of pre-program|levels by the year 2000 (Ward
1994). This suggests that the assunption of a 25% reduction in
total reservoir nortality (squawfish predation plus other
factors) may be nore reasonabl e than an assunption of no effect

i n nodel anal yses.

6. Ef fect of Law Enf orcenent

a. Juveniles of Al Three Species
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Al t hough fishery harvest enforcenent, which benefits |listed adult
Snake River sal non, has been the prinmary focus of the BPA-funded
| aw enf orcenent program habitat enforcenent issues were
identified in 1993 that could benefit listed juvenile Snhake River
salnon in the future. Prosecution of illegal irrigation

di versions and stream alterations has been initiated, and punpi ng
stations that have not conplied with permtting and screening
requi renents have been identified. However, actual renoval of
illegal diversions, correction of streamalterations, and
installation of screens on irrigation punps has not yet begun.
Conti nued BPA funding is uncertain beyond 1995, and there is no
firmestinmate of when these corrections will occur. Therefore,
it is not possible to quantify what effects this programw ||
have on the survival of listed juvenile Snake River sal non.

b. Adults of All Species

Il egal harvest may account for a portion of the fish | oss

bet ween dans on the Snake and Col unbia Rivers, which was
described in section IV.A. 3.d. For exanple, in 1980 and 1981,
enf orcenment agenci es arrested deal ers whose records showed t hat

10,200 illegal sal non had been renoved from Col unbia Ri ver
reservoirs over a two-year period (BPA 1991). 1In 1982, at the
trial of an illegal fish buyer, it was established that returns
to the Colunbia R ver were reduced by 250,000 pounds

(approxi mately 12,500 salnon) as a result of illegal harvest
(BPA 1991).

The proposed action for 1994 increased the nunber of enforcenent
officers by 1.75 full-tinme equival ent enpl oyees, conpared to 1993
(Vigg 1994). This was an increase of 129%relative to the 1991

| evel . The proposed action for 1995 will increase the nunber of
enforcenment officers by 0.5 full-tinme equival ent enpl oyees
conpared to 1994. The proposed budget for 1995 represents an

i ncrease of approxi mately $206, 805. 00 over the 1994 budget.
Addi ti onal equi prment will be purchased and enforcenent and public
awar eness prograns started in 1992 will continue. This suggests
that results of |aw enforcenent activities (arrests, contacts) in
1995 are likely to increase. However, the |level of |aw
enforcenment activities that will occur in 1996 and beyond is not
known. Al though some of the equi pnment provided by BPA for use by
| aw enforcenent officers is expected to continue to be useful,

wi t hout additional BPA funding the | aw enforcenent staffing

| evel s are uncertain. The future effectiveness of the public

i nformati on and awar eness program rmay di m ni sh without continued
funding. |If the programis not funded beyond 1995, the ill egal
harvest deterrent effect of the program nay be renoved

conpl etely.
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Estimates of the effect of increased | aw enforcenent on reducing
nortality of |isted and proposed species can only be consi dered
conjectural. The Director of the WOFWindicated that it could
result in up to a 10% i ncrease in upstream passage survi val

while a representative of the Colunbia River Inter-triba

Fi sheri es Comm ssi on suggested that the increase in upstream
passage survival would be closer to two percent (S. Vigg, BPA,
February 19, 1992, pers. comm). Prelimnary data on chi nook
salmon inter-damloss rates indicates a 72% reduction for the
period 1992-93 (after initiation of the enhanced | aw enfor cenent
program as conpared to the 1986-91 peri od before the enhancenent
of law enforcenent efforts. Simlarly, inter-damloss rates for
spring chi nook sal nron have decreased approxi mately 32% (in 1992-
93) over the pre-enhanced | aw enforcenent period (1977-91) (Vigg
1994). These increases, however, cannot be attributed solely to
the effects of increased | aw enforcenent, as inprovenents in dam
passage, reductions in harvest, and other factors such as
environnmental variability may have al so contributed to the

I mprovenents.

Because of the uncertainties discussed above, this action is
expected to result in an unquantifiable decrease in nortality.

7. Summary of Effects Due to All FCRPS Actions

The conbi nation of effects of the proposed actions on juvenile
survival through the FCRPS was eval uated usi ng conputer
sinmulation nodels. Details are described in NWS (1995d).
Comput er simul ation nodels for adult passage through the FCRPS
were not available. Results fromthree juvenile passage nodel s
were considered: (1) The Col unbia Ri ver Sal non Passage (Crisp.1)
nodel (Anderson et al. 1993); (2) the Passage Anal ysis Mdel
(PAM (MConnaha 1992); and (3) the Fish Leaving Under Several
Hypot heses (FLUSH) nodel (Weber and Petrosky 1992; Wber et al.
1992; WIlson 1994). 1In addition to the nodel docunmentation cited
above, a general discussion of sources of uncertainty regarding
assunptions and choi ce of paraneter values in these nodels is
contained in NMFS (1993b, 1994, 1995a); Barnthouse (1993);
Bar nt house et al. (1994b).

Use of all three nodels was considered inportant, given the range
of uncertainty and controversy (e.g., Anderson 1994a,b; Strong
1994) associated with nodeling juvenile passage. Results of a
recent wor kshop suggest that all three nodels characterize
juvenil e passage in a simlar fashion when input is standardi zed
and results are presented on a relative scal e (Barnthouse 1993;
ANCOOR 1994a). However, as discussed in NWFS (1995d), the
nodel s generally reflect conpeting hypotheses regarding: (1) The
distribution of survival over the |ife span, (2) the effect of
flow on survival, and (3) the benefit of transportation

(Barnt house et al. 1994b). Discussions of certain of these
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assunptions relative to interpreting the range of nodel out put
are included bel ow.

Anal yses of passage nortality associated with the proposed action
were included in the March 16, 1994, bi ol ogical opinion in
Appendi x D and a nore detail ed summary and conpari son was

i ncluded in ANCOOR (1994b). Significant changes in all three
nodel s were inplenmented since issuance of the 1994-1998 FCRPS

bi ol ogi cal opinion. These changes included structural

nodi fications and re-calibration to additional observations. For
this reason, the updated nodel results will be enphasized. New
updat ed anal yses of this action have been prepared for NVFS using
the FLUSH and CRi SP nodel s (NMFS 1995d) and are sunmari zed for
each species in this section. Additional analyses of simlar,

al t hough not identical, spring/sumer chinook sal non PAM node
runs prepared for the Northwest Power Pl anni ng Counci

(NMFS 1995d) are al so di scussed.

Juveni |l e and adult sal non passage nortality through the FCRPS
projects (reservoirs and dans) can conceptually be divided into:
natural nortality that woul d have occurred in the pre-project
river; additional nortality due to the existence of the projects;
additional nortality that varies with the operation of the FCRPS;
and additional nortality fromother human activities. The total
juvenil e passage nortalities are estimated using the three
avai l abl e conputer nodels. These nodels do not yield nortalities
separated into the four conceptual categories described above.
As discussed in the context of the environnmental baseline above,
Section I1.C, NMFS knows of no scientifically reliable way to
preci sely apportion this nortality. 1In the follow ng discussion,
total passage nortality is referred to as nortality from "passage
through the FCRPS," recogni zing that operation of the FCRPS is
only one conponent of the total nortality.

a. Snake Ri ver Sockeye Sal non

In addition to the effects of individual actions described
previously, the conbination of actions affecting juvenile Snake
Ri ver sockeye sal non was evaluated, in part, with juvenile
passage nodel s used for eval uation of spring/sumrer chi nook

sal non. Juvenil e Snake River sockeye salnon are likely to
experience equal or greater nortality than that estinmated for
Snake River spring/sumrer chinook salnmon. Simlar nortality
woul d result fromthe simlar size and mgration timng of the
two species; greater nortality mght result fromthe greater
susceptibility to injury during handling, as described in section
V. A 3.a. Spring/sumrer chinook sal non passage nodel results
described in section IV.A. 7.b provide estimates of Snake River
sockeye sal non nortality during passage through the FCRPS.
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Updat ed nodel results for spring/sunmer chinook sal non indicate
that a range of 37-82%nortality (64-82% based on FLUSH, 66-76%
based on PAM and 37-64% based on CRi SP) of juvenile Snake River
sockeye sal non will occur, on average, under a range of possible
hydr ol ogi cal conditions between 1995-1998 (NWMFS 1995d). Under

the worst conditions, predicted nortality would range from 39-96%
(79-96% based on FLUSH, 72-86% based on PAM and 39-64% based on
CRi SP). Under the best conditions, predicted nortality would
range from 35-76% (59- 76% based on FLUSH, 56-62% based on PAM

and 35-60% based on CRi SP)

These nodel results enconpass the entire range of assunptions
consi dered by each nodeling group. All results reflect
assunptions of transport survival that are within the 95%
confidence limts of T/Cratios estinmated in recent transport
survival studies (section IV.A 4) and are consistent with
findings of the transport review teamregarding effects of flow
regi mes on transport survival (Mundy et al. 1994). As discussed
in section IV.A 5, NWVFS gives greater weight to nodel results
that assunme a reduction, conpared to pre-programyears, in
reservoir nortality resulting fromthe squawfi sh renoval program
than to results that assume no effect of the program This would
have a m nor effect on FLUSH nortality esti mates (64-80% nean
nortality; 78-93% worst condition nortality, 59-74% best
condition nortality) and no effect on PAMor CR SP results.

As di scussed in section IV.A.7.b (below), estimtes fromboth the
CRi SP and FLUSH nodel s underesti mated survival through the first
1-1/2 reservoirs, conpared to the 1993 NMFS survival study
described in Iwanoto et al. (1994). Although NMFS views results
of both nodels with caution when conparing their absolute

predi ctions to the 1993 NWFS survival study, it notes that the
CRi SP nodel prediction was nuch closer to the estimted 1993
survival than the FLUSH nodel prediction. Therefore, NMFS pl aces
greater weight on the CRi SP nodel than the FLUSH nodel

Mortality of adults passing through the FCRPS is expected to be
11. 4% an unknown proportion of which is expected to be caused by
operation of the FCRPS. The run size forecast for 1995 is three
fish to the mouth of the Colunbia River (LaVoy 1994), and returns
the followi ng year nay be simlar. Under these conditions,
nortality related to passage through the FCRPS woul d probably be
bet ween zero and one fish. However, in future years, returns
could be larger as a result of returns fromcaptive broodstock
rel eases, and adult nortality, although proportionally the sane,
woul d result in higher absolute nortalities.

b. Snake Ri ver Spring/ Sumrer Chi nook Sal non

Updat ed nodel results indicate that an average of 37-82%
nortality (64-82% based on FLUSH, 66-76% based on PAM and 37-64%
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based on CRi SP) of juvenile Snake River spring/sumrer chi nook
salnmon will occur in 1998 under a range of possible hydrol ogical
conditions (NMFS 1995d). Under the worst conditions, nortality
may be as high as 39-96% (79-96% based on FLUSH, 72-86% based on
PAM and 39-64% based on CRi SP). Under the best conditions,
nortality may be as | ow as 35-76% (59-76% based on FLUSH, 56-62%
based on PAM and 35-60% based on CRi SP)

These nodel results enconpass the entire range of assunptions
consi dered by each nodeling group. All results reflect
assunptions of transport survival that are within the 95%
confidence limts of T/Cratios estinmated in recent transport
survival studies (section IV.A 4) and are consistent with
findings of the transport review teamregarding effects of flow
regi mes on transport survival (Mundy et al. 1994). As discussed
in section IV.A 5, NWVFS gives greater weight to nodel results
that assunme a reduction, conpared to pre-programyears, in
reservoir nortality resulting fromthe squawfi sh renoval program
than to results that assume no effect of the program This would
have a m nor effect on FLUSH nortality esti mates (64-80% nean
nortality; 78-93% worst condition nortality; 59-74% best
condition nortality) and no effect on PAMor CR SP results.

As stated in section IV.A 7 and in Stelle (1995), NWS believes
that recent reach survival studies using PIT-tagged juvenile
spring/ summer chi nook sal non represent the best avail able

i nformati on regardi ng juvenile spring/sumrer chinook survival.
Stelle (1995) responded to four objections to use of this

i nformati on for assessing nodel performance, which were raised by
Martin (1995) and re-iterated in part by the STFA Anal ytical Team
(1995a, b), and concluded that NMFS obligation to consider the
best available scientific information dictated a conparison of
nodel predictions with survival estimtes nmade under current
conditions with nmethods inherently |ess biased than those
previously available. Stelle (1995) stated that NMFS will give
greater weight to juvenile spring/sunmer chinook passage nodel
survival estimates that best emulate results of recent reach
survival studies, but that this would not be the only criterion
upon whi ch nodel performance woul d be assessed.

Due to tine constraints, it was not possible to conpare nodel
results with two of the data sets specified in Stelle (1995):
1989-1992 PIT-tag detections between Littl e Goose Dam and MNary
Dam and the 1994 survival study described in Miir et al. (1995).
A conparison of FLUSH and CRi SP nodel results and a third data
set, survival estinmates between Ni squally John (approxi mately
hal f -way between Lower Granite Dam and the head of Lower Granite
reservoir) and the tailrace of Little Goose Dam from | wanoto et
al. (1994), was received fromeach nodeling group. A weighted
survival estimate for the 1-1/2 pool reach determ ned from
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Iwanoto et al. (1994) was 77.5% wi th an approxi nate 95%
confidence interval ranging from 75% 80%

The CRi SP nodel was calibrated to PIT-tag detections in the

| wanoto et al. (1994) study, as well as other PIT-tag detection
data and ot her sources of information, such as predator indices
and di ssolved gas nortality experinents (Anderson 1994a, b).

Possi bly due to the conbination of factors included in the
calibration, results do not match any particul ar data set
perfectly. The CR SP nodel estimated survival of Snake River
spring/ summer chi nook sal non from Ni squally John to the tailrace
of Little Goose Dam at 70% (Anderson 1995a), which is
approximately 7% | ower than the | ower bound of the 95% confi dence
interval in the Iwanoto et al. (1994) study. (NWMFS notes that
there was sufficient tinme for CRi SP nodel ers to conpare

predi ctions of the nodel with 1994 survival study results, as
described in Miuir et al. [1994]. The NWFS study estimated pool ed
survival at 65.9% and the CRi SP nodel estinmated survival under
simlar conditions at 65%)

The FLUSH estimate for the sanme reach was 61.5-66. 8% ( STFA 1995),
whi ch was 15% | ower than the | ower bound of the 95% confi dence
interval in the Iwanoto et al. (1994) study. This difference was
mainly a result of the FLUSH nodel’s estimate of partial Lower
Granite reservoir and Lower Granite Dam survival. FLUSH
estimates of survival fromthe Lower G anite tailrace to the
Little Goose tailrace were simlar to those of |wanoto et al
(1994) (81.2%84.5% with FLUSH, 86.2% [ approxi mate 95% confi dence
interval 83.6%88.8% fromPIT-tag study).

A simlar conparison with the PAM nodel was not possible.
However, reservoir survival in PAMand FLUSH i s based upon the
same survival estimates and a simlar flow survival relationshinp,
so estimates fromthe two nodels tend to be simlar (ANCOOR
1994a) .

In summary, both the CRi SP and FLUSH nodel s predicted survivals
through the first 1-1/2 reservoirs that were |lower than the 1993
juvenil e spring/sunmer chinook sal non survival estinmates, as
represented by the 1993 survival study described in Iwanpto et

al. (1994). Although NWVFS views results of both nodels with
caution when conparing their absolute predictions to the 1993
NMFS survival study, it notes that the CRi SP nodel prediction was
much closer to the estimted 1993 survival than the FLUSH nodel
prediction. Further, the CRi SP nodel closely predicted the
results of the 1994 NMFS survival studies (no conparison was
possible with the FLUSH nodel). Based on this, NWFS pl aces
greater weight on the CRi SP nodel than the FLUSH nodel. As
stated in Stelle (1995), NWS believes that nodel results should
be conpared to the broadest range of recent survival estinates
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possi bl e and encourages each nodeling group to performthese
conpari sons.

Passage nortality through the FCRPS consi sts of an unknown
proportion of the 20.9% unaccounted | oss of adults passing

t hrough the FCRPS (Ross 1993b). As described in section
IV. A 3.d, passage loss is assuned to represent mainly adult
nortality. This nortality appears to be due primarily to factors
caused by the FCRPS, such as delay in mgration and fall back

t hrough turbines, and due to illegal harvest, which is not
directly related to the FCRPS.

The proportion of the 20.9% passage | oss represented by FCRPS
activities is unknown and the degree to which nortality caused by
passage through the FCRPS will be reduced in 1995-1998 is al so
unknown, but expected to be small. For life-cycle nodeling, the
expected reduction was assuned to be | ess than one percent
(Section IV.A. 3. e).

C. Snake Ri ver Fall Chi nook Sal non

Updat ed nodel results indicate that an average of 71-94%
nortality (87-94% based on FLUSH, 71% based on CRi SP) of juvenile
Snake River fall chinook salnmon will occur in 1998 under a range
of possi bl e hydrol ogi cal conditions (NVFS 1995d). Under the

wor st conditions, nortality nay be as high as 73-97% (93-97%
based on FLUSH, 73% based on CRi SP). Under the best conditions,
nortality may be as | ow as 68-89% (75-89 based on FLUSH, 68%
based on CRi SP)

The NMFS reviewed avail able enpirical evidence relative to two
sources of uncertainty in passage nodels to determ ne whet her
greater wei ght should be placed on a subset of the range of node
estimtes. The areas were survival of transported fish and the
reduction in reservoir nortality related to the squawfi sh renoval
program Reach survival estinmates for in-river mgrants were not
revi ewed because there are no new estimates based on survival of
PI T-tagged fish, as there are for spring/sumer chinook sal non.

NMFS consi ders transport assunptions that are consistent with 95%
confidence limts of T/Cratios estinated in recent transport
survival studies for Snake River salnon to have greater validity
t han assunptions that are not consistent with those observations
(Toole et al. 1994; NWMFS 1995d; section IV.A 7). Al

spring/ summer chinook transport survival estinates appear to be
within the 95% confidence limts of T/Cratios estimated in
recent transport survival studies (Matthews et al. 1992) and are
consistent with findings of the transport review teamregarding
effects of in-river conditions on transport survival (Mindy et
al . 1994).
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Wth respect to Snake River fall chinook sal non, the transport
peer review team concl uded that there was insufficient

I nformation to determ ne survival of transported fish (Miundy et
al. 1994). The only existing studies are of run-of-river
juveniles, conposed of proportionately nore Hanford Reach than
Snake River stocks, collected at McNary Dam The transport

revi ew t eam cauti oned agai nst applying these results to Snake

Ri ver fall chinook sal non transported from Lower G anite Dam
since state of maturation with respect to snoltification may not
be conparable at the two sites. However, since the preponderance
of wild juvenile production in both rivers occurs at a simlar

di stance above both transport dans, and the majority of wld
juvenile fall chinook sal non do not begin actively mgrating
downstreamuntil they attain a certain size (or state of

mat uration), NMFS believes it is nost likely that nost juveniles
arrive in a simlar state of maturati on at both dans.

The extant literature al so does not support the hypothesis put
forth by the peer reviewteam In his review on snolt
transformation, Hoar (1976) provided clear evidence that juvenile
fall chinook sal non once they begin to mgrate are likely in a
state of maturation that would allow a gradual (and possibly
sharp) transition to full-strength seawater, as woul d occur
during post-transport (from either dam)passage through the
Colunmbi a River estuary. At a mnimum NWS believes that it is
reasonabl e to assune that, for the proportion of Snake River fal
chi nook sal non that survive to McNary Dam transport from McNary
Dam shoul d result in T/Creturn ratios within the range of those
observed during 1986 and 1987 (and 1988 when conpl et ed) studies
(Harnmon et al. 1993, 1994).

Transport assunptions inplenmented in FLUSH (1:1 or 2:1 T/Cratio
at Lower Granite Dan) result in fall chinook T/C ratios | ower
than the | ower bound of estinmates at McNary Dam (1.4-to-1 in 1986
[ Harmon et al. 1993] and 1.7-to-1 [Harnon et al. 1994] in 1987),
and these results will be viewed very cautiously by NWS.

However, the high T/Cratios (approxinmately 9:1) estimted by the
CRi SP nodel for fall chinook sal non transported from Lower
Granite Dam are not nmatched to any enpirical evidence. T/C

rati os higher than this were observed, however, for spring/sumer
chi nook sal non transported fromULittle Goose Damin 1973. 1In the
final analysis, NVFS accepts that information about survival of
transported Snake River fall chinook sal non is poorly understood
and views results from both nodeling systens cautiously.

NVFS will give greater weight to higher predator renoval

ef fectiveness assunptions than to the | ow assunption for reasons
di scussed rel ative to Snake River spring/sunmrer chinook sal non
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B. Ef fects of Proposed Action, Environnental Baseline, and
O her Potential Reasonable and Prudent Actions in O her
Sectors Relative to Species Requirenents

As described in Section I11.B and NWS (1995a), the effect of a
set of actions is evaluated relative to species requirenments
(popul ation | evel s associated with high |ikelihood of survival
and noderate to high |ikelihood of recovery), based primarily on
t he anal ytical nethod suggested by the BRWG (1994). However,
NMFS al so expects that evaluation of biological requirenents wll

require consideration of factors additional to regional life-
cycl e nodel s, such as ot her popul ati on projections.
Addi tional ly, professional judgenent will be necessary to

interpret the range of nodel output relative to limtations of
life-cycle nodels, the range of nodel output resulting from
conpeting hypot heses, and the significance of threshold | evels
identified by the BRWG (1994).

Regi onal |ife-cycle nodels, which are the primary anal ytical too
used to evaluate |ikelihood of survival and recovery (BRW 1994),
i nclude: (1) The Bonneville Power Adm nistration’s Stochastic

Li fe-Cycle Model (SLCM, devel oped by contractors working for
Resources for the Future and the U S. Forest Service (Lee and
Hyman 1992); (2) the Northwest Power Pl anning Council’s System
Pl anni ng Model (SPM (NPPC 1989, 1992b); and (3) the Enpirical

Li fe-Cycle Model (ELCM, devel oped by Oregon, Washi ngton, and

| daho’ s state fisheries agencies and the Colunbia River Inter-
Tribal Fishery Conmission (State and Tri bal Fisheries Agencies

[ STFA]) (Schaller et al. 1992; Schaller and Cooney 1992). The
SLCM and ELCM are applied to fall and spring/sunmer chinook
salnon. SPMonly applies to spring/sunmer chinook salnon. 1In
addition to the nodel docunentation cited above, a general

di scussi on of sources of uncertainty regardi ng assunpti ons and
choi ce of paraneter values in these nodels is contained in NWS
(1993b, 1994, 1995h); Barnthouse (1993); Barnthouse et al.
(1994b); and section I11.A 2.

Li fe-cycl e nodel anal yses associated with the proposed action
were included in the March 16, 1994, bi ol ogical opinion in
Appendi x C and a nore detail ed summary and conpari son was

i ncluded in ANCOOR (1994b). Significant changes in all three
nodel s were inplenmented since issuance of the 1994-1998 FCRPS

bi ol ogi cal opinion. These changes were both structural and the
result of calibration to additional observations. For this
reason, the updated nodel results will be enphasized. New
updat ed anal yses of this action have been prepared for NWVFS using
the ELCM and SLCM nodel s (NMFS 1995d) and are sunmari zed for each
species in this section. Additional analyses of simlar,

al t hough not identical, spring/sumer chinook sal nron SPM nodel
runs prepared for the Northwest Power Planning Council are also
di scussed.
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Resul ts of passage nodel anal yses are used as one source of input
to life-cycle nodels. As discussed in Section IV.A 7, certain
passage nodel assunptions and hypot heses included in passage
nodel anal yses provided to NMFS during this reconsultation were
examined in relation to best available scientific information.
The NMFS concl uded that results based on an assunption that the
predator renoval programis effective in reducing reservoir
nortality should be given greater weight in decision-naking than
the alternative assunption

The NMFS al so exani ned assunptions in life-cycle nodel
sensitivity analyses and finds no conpelling evidence to justify
giving greater weight to one set of assunptions than another,
with the foll owi ng exceptions.

First, life-cycle nodel analyses are presented as 24-year

and 100-year probabilities of being above threshold |evels.
NMFS bel i eves that probabilities nust be high over both

time periods. However, based on comrents fromthe nodel

revi ew panel regarding potential propagation of

di screpanci es between projections and reality (Barnthouse et

al . 1994a), where conclusions fromthe two approaches

differ, greater weight nay given to the 24-year assessnents.

Second, life-cycle nodel anal yses were conducted under
assunpti ons of depensation or no depensation at | ow

popul ati on sizes (NMFS 1995d). A discussion of the possible
rol e of depensation and the rationale for the formof its

i npl ementation in regional life-cycle nodel sensitivity

anal yses is included in BRAG (1994). Because the production
functions underlying the life-cycle nodels were based upon
observations of |arge popul ations and are inherently
unreliable at small popul ati on sizes (Barnthouse et al.
1994a), and because it appears reasonable to assune that the
nunber of recruits per spawner does not increase wthout
limt as popul ation size decreases, it is nore conservative
for NMFS to give greater weight to nodel results that are
based on an assunption of depensation at | ow popul ation

| evel s.

However, NMFS acknow edges the technical disagreenents anong
nodel i ng teans about the nmethod of inplenenting depensation
in life-cycle nodel sinulations (NVMFS 1995d). In
particul ar, the CR SP/ SLCM nodel i ng team strongly di sagrees
with the nmethod the BRWG proposed for inplenenting
depensation, which is the nethod included in all FLUSH ELCM
"W th depensation"” anal yses (Paul sen 1995b, c; Gei sel man
1995). Until this issue is resolved, NMFS will viewresults
of nodel runs inplenenting depensation with sonme caution.
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Because results with and without this inplenentation had
little effect on fall chinook anal yses (see below), this
concern applies primarily to Snake River spring/ sumrer
chi nook sal non results.

Third, spring/sumer chinook salnon results are presented
for sel ected subpopul ations (with production functions based
on index redd counts) using the SLCM and ELCM nodel s and as
an aggregate (based on Lower Granite Dam counts) in SLCM and
SPM  BRWG (1994) anal yzed historic and recent trends in six
subpopul ati ons and suggested use of five subpopul ations to
represent the ESU. The nodel review panel (Barnthouse et

al . 1994a) supported use of index stocks in anal yses and
concl uded: "nodeling the entire species as a single

popul ation is inappropriate because each species is actually
a mxture of stocks with different productivities. The

m xture will not respond in the same way as an aggregate,
especially in the case where depensatory effects are
assuned”. Based on this consideration, NVFS will base

concl usi ons on assessnents that present results for at |east
five subpopul ations, rather than for assessnents based on

t he aggregate neasured at Lower Granite Dam (NMFS 1995a;
section I.A). However, NWVFS al so believes that the
aggregate information is useful ancillary information, which
wi Il be considered for conparative purposes (NVFS 1995a;
section IV. A).

1. Sockeye Sal non

Li fe-cycl e nodel anal yses were not available for this species.
As recommended by the BRWG (1994), nuch sinpler approximtions of
ri sk of not neeting biological requirenments are necessary for
this species. A discussion of the |ikelihood of survival and
recovery under both current popul ation conditions and the
environmental baseline are included in section I11.C. The NWMFS
concl uded that the l|ikelihood of both survival and recovery was
| ow under both scenarios. Because the proposed action
enconpasses elenents that are internediate to current conditions
and an environnental baseline consisting of no discretionary
federal actions, the |ikelihood of survival and recovery under

t he proposed action is also | ow

2. Spri ng/ Sunmer Chi nook Sal non

A di scussion of the likelihood of survival and recovery under
bot h current popul ation conditions and the environnental baseline
are included in section Il11.C. The NMFS concl uded that the

i kel i hood of both survival and recovery was low in the inmediate
future under both scenarios, due in large part to the very snal
current popul ation |evel and the projected |low returns in 1995.
No life-cycle nodel analyses of longer-termlikelihood of
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survival and recovery under the environnental baseline have been
performed but, because of the |ow inpact of harvest reductions in
this species and the long lag tine for survival to increase due
to some nmanagenent changes, NMFS concl uded that these |ikelihoods
were al so | ow. Because the proposed action enconpasses el enents
that are internediate to current conditions and an environnental
basel i ne consisting of no discretionary federal actions, the
basi c consi derations stated above would | ead to the concl usion
that the likelihood of survival and recovery under the proposed
action is also | ow.

The proposed action was al so analyzed in a nore quantitative
manner using life-cycle nodels and the approach suggested by the
BRWG (1994; see al so NVFS 1995a and section |I.B). Details of
life-cycle nodel results are presented in NVWS (1995d).

Under the proposed action, the FLUSH ELCM nodel results indicate
that no nore than three out of five spring/sumer chinook index
stocks have at least a 70% i keli hood of being at or above the
threshold | evel defined in NVFS (1995a) and section IV.A in the
24-year period, under all assunptions nodel ed by the STFA

anal ytical team (Tables 3, 8, and 9 of NMFS 1995d). Up to four

i ndex stocks have at |least a 70% probability if it is assuned
that the predator renoval programreduces reservoir nortality by
25% or if depensation does not occur at |ow popul ation sizes. As
stated previously, NMFS considers the forner a reasonable

concl usion but is concerned about the latter. Under other
assunptions, no nore than three stocks neet the criterion at this
probability. No nore than one of five spring/sumer chinook

I ndex stocks has greater than a 50%|i kel i hood of neeting the
recovery level in 48 years.

As described in NVFS (1995d), these ELCMresults do not

i ncorporate inprovenments in survival due to inprovenents in
habitat quality or changes in hatchery operations. Such changes
woul d be inappropriate to apply to subpopul ati ons such as Marsh
Creek, Sul phur Creek, and Inmmaha River, which already have good
to excell ent habitat and, according to STFA nodel ers, already
account for hatchery influence in the nodel (Table 2 of NWS
1995d). The M nam Ri ver subpopul ation also is found in excellent
habitat, so the only reasonabl e i nprovenment would be froma
reduction in possible straying, which is likely to have a snal
effect (NMFS 1993b). Bear Valley/Elk Creek is the only
subpopul ati on nodel ed with ELCM that would be likely to
experience a significant increase in survival if habitat

i nproved. Based on the results described above, an inprovenent
in survival for this stock would not change the concl usion that
there is not a noderate to high |ikelihood of recovery in 48
years for 80% of nodel ed i ndex stocks.
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Addi ti onal sensitivity analyses in which harvest rates were
reduced to 1.5% at | ow returns were al so perfornmed with ELCM
(STFAAT 1995). Results were relatively insensitive to the
reduced harvest rates, with the probabilities described above
varying by 3% or |ess.

Under the proposed action, the CRi SP/SLCMresults indicate that
there is greater than 70% i kel i hood that at |east four stocks
will be above the threshold over a 24-year period, as long as a
25% reduction in reservoir nortality due to the predator renova
programis assunmed (Tables 3, 8, and 9 of NMFS 1995d). Up to
four stocks al so have at |east a 70% probability of being above
the threshold over a 100-year period if these additional
assunptions hold: no depensation at | ow popul ation | evels and
either a very |ow harvest rate or "high" life cycle surviva

i nprovenents (egg-to-snolt survival increases 8% for Poverty
Flats and 4% for other index stocks; prespawni ng survival

i ncreases 13% for Poverty Flats and 0% for other stocks). Under
this assunption, the highest survival inprovenents are applied to
the Poverty Flats index stock, which has the nost degraded
habitat, but | ower survival inprovenents also nust be applied to
ot her index stocks in relatively high quality habitat.

CRISP/SLCMresults indicate that there is a 50% chance that the
recovery level will be reached for up to four stocks in 48 years
if it is assuned that: there is a 25%reduction in reservoir
nortality due to the predator renoval program transport survival
is approxi mately 94% (based on T/C return ratios fromlLittle
Goose Damof 1.6:1 in 1986 and 2.4:1 in 1989); and either (1)
there is no depensation at |ow popul ation levels or (2) there
will be a "noderate" increase in egg-to-snolt and prespawni ng
survival (Table 3, footnote 5, of NMFS 1995d) coupled with a
reduction in harvest rate to very low |l evels. Under |ower
assunptions, fewer than four stocks neet the standard at the 50%
probability level. Under no assunptions do four or nore stocks
neet this criterion at greater than 60% probability.

Ancillary information based on SLCM and SPM aggr egate dam counts
was al so exam ned. Because a threshold has not been defined for
t he aggregate Snake River spring/sumrer chinook salnon ESU, it is
i npossible to directly conpare |ife-cycle nodel results for the
aggregate with those for index stocks. NWMS (1995a) esti nmated
that, if an aggregate spring/sumrer chinook threshold were to be
defined, it would probably be between 6000-12, 000 spawners. BPA
submitted results relative to one val ue, 9542 spawners, which was
within this range. Probabilities relative to 9542 spawners are
presented in Tables 4 and 5 of NMFS (1995d). Since the
"aggregate" nodeled with CR SP/SLCM only included the spring
conponent of the ESU, these values may underestimate the
probability of the population being at or above a | evel
conparable to the thresholds for individual stocks. For this
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reason, probabilities relative to a |ower value (4771 spawners)
will also be discussed. The spring conmponent has conpri sed
approximately 65% of the run in recent years, and the val ue of
4771 is the one submtted by BPA which falls within a range
defined by 65% of 6000-12, 000.

CRi SP/ SLCM aggregate nodel runs for the proposed action led to
nore pessimstic conclusions, relative to results for index
stocks, for the probability of being above 9542 spawners in 24
years. Only a conbination of higher |evel assunptions nodel ed by
BPA result in a probability of at least 70% |If aggregate
results are evaluated as the probability of being above 4771
spawners in 24 years, probabilities greater than 70% are
estimated under a variety of assunptions. The aggregate provided
nore optimstic results than the index stocks for the 100-year

t hreshol d and 48-year recovery criteria. Under a variety of
assunptions, it appears that at |east 70% and 50% probabilities
can be nmet for the threshold and recovery criteria, respectively,
based on CR SP/ SLCM nodel i ng.

Results of the Northwest Power Planning Council’s SPMIlife-cycle
anal yses were not presented as probabilities of being above a
threshold | evel over 24 or 100 years, nor as probabilities of

ei ght-year geonetric neans bei ng above the recovery level in 48
years. However, results of a scenario simlar to the proposed
action was presented as the probability that the eight-year
geonetric nean woul d be above 5,000 or 10,000 adults at Lower
Granite Damin 24 years, and this can be roughly conpared to the
recovery goal

The NPPC "Basel i ne" scenario was considered closest to the
proposed action by NPPC staff (NMFS 1995d). For this scenario,
no assunptions resulted in greater than 10% probability that
recovery (here defined as an ei ght-year geonetric mean greater

t han 10, 000) would occur. |f recovery were defined as greater

t han 5000 adults, probabilities ranged between approxi nately 20-
40% dependi ng upon transportation survival assunption.

In summary, nodel results relative to survival of |isted species
wer e equi vocal. FLUSH ELCM nodel results indicate that the
probability of being above the threshold is |ess than 70% f or

four of five index stocks over a 24-year period and, under
certain assunptions, greater than 70% over 100 years. CRi SP/ SLCM
nodel results indicate that, under certain assunptions, both 24-
and 100-year survival criteria can be net. Sonme of the necessary
assunptions, such as no depensation and inprovenents in survival
for stocks in relatively pristine habitat, do not appear as
reasonabl e as alternative assunptions.

Nei t her FLUSH ELCM or PAM SPM results suggest that a "noderate to
hi gh" |ikelihood of recovery is possible. CRi SP/SLCMresults
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suggest the recovery criterion may be net if "noderate to high”
probability is considered greater than 50% and | ess than 60% |f
this criterion is accepted, it is only net under a set of several
hi gher | evel assunptions.

3. Fal | Chi nook Sal non

A di scussion of the likelihood of survival and recovery under
bot h current popul ation conditions and the environnental baseline
are included in section I1l.A 4. The NVFS concl uded that the

i kel i hood of both survival and recovery was low in the inmediate
future under both scenarios, due in large part to the very snal
current popul ation |evel and the projected low returns in 1995.
No life-cycle nodel analyses of longer-termlikelihood of

survival and recovery under the environnental baseline have been
performed but, because of the relatively high inpact of harvest
reductions in this species, NVFS concluded that these |ikelihoods
may be expected to result in a high likelihood of survival and a
noderate to high Ilikelihood of recovery. Because the proposed
action enconpasses elenents that are internediate to current
conditions and an environnental baseline consisting of no

di scretionary federal actions, the basic considerations

consi dered above woul d not allow one to conclude whet her or not

t he proposed action would | ead to an acceptable |ikelihood of
survival and recovery.

The proposed action was al so analyzed in a nore quantitative
manner with life-cycle nodels. Details of life-cycle nodel
results are presented in NMFS (1995d).

Under the proposed action, the FLUSH ELCM nodel results indicate
that, under certain assunptions, Snake River fall chinook sal non
have greater than 70% | i kel i hood of being at or above the
threshold | evel defined in NVFS (1995a) and section IV.A in both
the 24- and 100-year periods (Tables 4, 11, and 12 of NWS
1995d). Necessary assunptions are 1:1 or 2:1 T/Cratios from
Lower Granite Dam (which result in values at McNary Dam bel ow t he
95% confidence intervals of recent transport studies) and an
assunption of a 25% reduction in reservoir nortality due to
squawfi sh renoval. Short-term and |long-termrecovery |evels were
not nmet under any assunptions nodel ed by the state and tri bal

anal ytical team Severe reductions in harvest bel ow current

| evel s and i nprovenents in survival during other life stages were
not exam ned in these anal yses. Based on the effect of these
assunptions in anal yses of other scenarios (NWFS 1995d), their
inclusion in this analysis my have resulted in nore optimstic
conclusions. Also, these FLUSH ELCM fall chi nook nodel runs for
t he proposed action were performed using a schedul e of

i mpl ementi ng extended-|ength screens at additional projects that
is slower than the schedule currently proposed. Had there been
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sufficient time to re-run FLUSH ELCM anal yses with the proposed
schedul e, nodel results may have been sonewhat nore optimstic
(H Schaller, ODFW pers. comm, February 18, 1995).

Under the proposed action, CR SP/SLCM nodel results indicate that
Snake River fall chinook salmon will not neet either threshold or
recovery | evel s under any assunptions nodel ed by the BPA

anal ytical team (Tables 4, 11, and 12 of NMFS 1995d). Due to
time constraints, the BPA anal ytical team also did not nodel a
severely reduced harvest rate in conjunction with this FCRPS
operation, although BPA did nodel a range of survival

i nprovenents in other |ife stages. Inclusion of extrenely | ow
harvest rates in this analysis mght have resulted in nore

optim stic concl usions.

C. Consi stency of Proposed Action with Recovery Pl an

Chapter V, Section 2 of the NVMFS Recovery Plan |lists the proposed
Mai nst em and Estuari ne Ecosystem Recovery Tasks whi ch NVMFS deens
necessary for the recovery of listed Snake River sal non. The
action proposed by the action agencies for 1994-98 is different
fromthe recovery tasks found in the Recovery plan in certain key
respects. The proposed action relies primarily on transportation
of snmolts and does not include inriver inprovenents contained in
t he Recovery Plan such as significant additional volunmes of
augnentati on water in the Colunbia and increased spill at dans.
The approach taken by the Recovery Plan is based on the prem se
that there is sufficient uncertainty about the benefits of
transportation to warrant an eval uati on of whether inproved
inriver mgration may result in adult returns that are higher
than adult returns fromthe transportati on program Accordingly,
it seeks to inprove inriver conditions by providing additional
augnentation in the Colunbia River and spill at all projects,

i ncludi ng collector projects when flows are not low. The
Recovery Plan calls for a conparison of adult return rates of
transported fish with inriver mgrants that have had the benefit
of inproved inriver conditions.

These differences that underlie the transportation eval uation are
i nportant because they lie at the heart of the adaptive
managenent approach taken in the Recovery Plan. The state
fisheries agencies’ and tribes’ viewis that transportation is
not part of a long termsolution to Snake River sal non declines
and that inriver travel, with inprovenents such as drawdown of
reservoirs, holds greater promse. This viewis based primrily
on concerns about delayed nortality of transported snolts, which
t he FLUSH passage nodel assunes is in the area of 50 percent.
This view cannot be fairly tested without inproving inriver

m gration, especially through spill, and testing the adult
returns frominriver mgrants against adult returns from
transported juveniles. Such an evaluation will hel p answer the
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| ar ger question of whether drawdown of Snhake River reservoirs
shoul d be pursued, or whether a conbination of transportation and
inriver travel is likely to produce the best survivals.

The proposed action also differs fromthe Recovery Plan in
specific details about scope and duration of the action. The
suppl enmental information submtted by the action agenci es nakes
clear that they have expanded the scope of the consultation to
i ncl ude dam nodifications, and inplicitly the duration of the
consultation to include the tine necessary to inplenment such
nodi fications. See, Letter from Major General Ernest J. Harrel
(COE) to WlliamW Stelle, Jr. (NVFS) and M chael Spear (USFW5),
dat ed Decenber 15, 1994, and the acconpanyi ng Suppl enent al
Bi ol ogi cal Assessnent on Federal Colunbia River Power Operations.
Al t hough the suppl enental biol ogical assessnent identifies
several alternative dam nodifications, it does not propose any as
clear options to pursue or identify a decision path and work that
nmust proceed for inplenentation of an alternative.

NMFS has concluded that wi thout major nodifications to the Snake
and Col unbia River dans, it is unlikely survivals can be
sufficiently inproved to ensure that the operation of the FCRPS
does not inpede the survival and recovery of |isted Snake River
sal non. Recognizing this, the Recovery Plan identifies three
alternative scenarios for major structural nodifications to the
danms: spillway crest drawdown, natural river drawdown, and
surface collectors. The Recovery Plan also identifies research
anal yses and eval uati ons necessary to reach a deci sion on which
course to pursue.
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V. CUMULATI VE EFFECTS

Cunul ative Effects are defined in 50 CFR 402.02 as

"those effects of future State or private activities, not

i nvol ving Federal activities, that are reasonably certain to
occur within the action area of the Federal action subject to
consultation.” For the purposes of this analysis, the action
area enconpasses the Snake and Col unbia Rivers, including areas
outside the range of |isted Snake River sal non that affect
natural runoff of water into those areas that are within the

| i sted species’ range. Future Federal actions, including the
ongoi ng operation of hatcheries, fisheries, and | and managenent
activities are being or have been reviewed through separate

section 7 consultation processes. |In addition, non-Federal
actions that require authorization under section 10 of the ESA
wi || be eval uated under section 7 consultations. Therefore,

t hese actions are not considered cunul ative to the proposed
action.

VI. CRITI CAL HABI TAT

As described in previous sections of this biological opinion,
operations of the FCRPS may affect essential features of the

m gration corridors of listed Snake River sal non by 1) reducing
wat er velocity due to water storage; 2) by nodi fyi ng passage
conditions due to placenent of danms, routing of a proportion of
fish through turbines, and creating optinmum habitat for predators
such as squawfi sh; 3) by nodifying water quality through gas
supersaturation; and 4) by increasing water tenperatures. The
anal yses of the previous sections relates these changes in the
critical habitat to changes in the nortalities of |isted Snake
Ri ver sal non

The anal ysis of whether the proposed action jeopardizes the

|l i sted sal non (appreciably reduces the |likelihood of both the
survival and recovery of, the |listed species) enconpasses the
closely related determ nation of whether that operation adversely
nodi fies or destroys the listed salnon’s critical habitat

(appreci ably di mnishes the value of critical habitat for both
the survival and recovery of, the listed species). 1n other
words, section IV.A B, Cs evaluation of the relation of the
proposed action to the expected nortalities of Snake River sal non
conmbi nes the determ nations of adverse nodification of critical
habitat and jeopardy into one anal ysis.
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VI . CONCLUSI ONS

NMFS approach for determ ning whether a proposed action

j eopardi zes the continued existence of |isted Snake Ri ver sal non
and adversely nodifies its critical habitat is discussed above in
Section |.B of this opinion. As a starting point, NMFS exam nes
t he consi stency of the proposed action with the Recovery Pl an,
whi ch provi des the best guidance for judgi ng the adequacy of
nmeasures necessary to achieve the survival and recovery
requirenents for these listed species. For actions that are
found inconsistent with the Plan, NMFS wi || eval uate whether the
proposed action offers an equivalent or greater reduction in
risks to species survival, using appropriate analytical tools,

i ncl udi ng passage and |ife cycle nodels.

n the case of hydropower operations, the proposed action differs
n key respects fromthe Recovery Plan as evaluated in Section
V.C. The nost prom nent differences are that the Recovery Pl an
1) inproves in-river survival and provides a mechani smfor
testing the conpeting hypot heses regarding inriver and
transportation nortalities and 2) establishes a clear path toward
maj or systemreconfigurations consi dered necessary to reduce

adequately risks to species survival. NWS devel oped the
Recovery Plan only recently, and the FCRPS actions were proposed
in 1994, It is therefore not surprising that the proposed action

is inconsistent with the Plan. As part of the process in the

| DFG v. NMFS di scussions, and in devel oping the Recovery Plan and
this biological opinion, NVFS anal yzed the effects of the 1994
proposed action and obtai ned passage and life cycle nodeling of

t he proposed action. NWMS considered this nodeling, in
conjunction with other anal yses, to determ ne whether the
proposed action achi eved necessary reductions in risks to species
sur vi val

Inits life cycle analysis, to which the Recovery Plan is nost
rel evant, NMFS will consider the biological requirenents for
spring/ summer chinook to be net if there is a high Iikelihood,
relative to the historic likelihood, that a npgjority of the

popul ations will remain above the threshold | evels over a 24- and
100-year period, and a noderate to high |ikelihood that a
majority of the populations will achieve their recovery levels
within 48 years. For fall chinook, the sanme criteria will apply

except that the Iikelihoods nmust be judged in absolute terns
rather than relative to sone historic level of risk due to the
absence of sufficient data about historic runs. For both
spring/ summer and fall chinook, NMFS will consider nodel results
in its analysis.

For sockeye salnon, no life-cycle nodels are available. The risk

to the popul ation nust therefore be assessed on the basis of a
direct analysis of the |likely effects of the proposed action on
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top of the environnental baseline and any cunul ative effects,
factoring in consideration of biological requirenents specific to
other life stages. NWFS will use qualitative evaluations only to
determ ne whether there is a low likelihood that the species wl|l
drop below the threshold | evels and a noderate to high likelihood
that they will reach recovery levels in the foreseeable future.

There are three regional life cycle nodels that predict

popul ati on responses for Snake River spring/sunmer chinook.

These nodels and their significant features are described in
detail in NMFS 1995d. That docunent explains the different
"bel i ef systens” underlying the two nodels: the state and tri bal
FLUSH nodel assunes high inriver nortality and high del ayed
nortality for transported fish, while the BPA/ UW CRI SP nodel
assunmes lower inriver nortality and little delayed nortality for
transported fish. Gven these different assunptions, it is to be
expected that SLCM results woul d show high benefits from
operations that rely heavily on transportation and | ow benefits
fromthose that rely on travel tinme inprovenents, and that the
reverse would be true for ELCMresults.

NMVFS views the results of life cycle nodels with great caution.
They i ncorporate nunerous assunptions, nany of which necessarily
nmust be based on biol ogi cal judgnment because enpirical data are
| acki ng, and they do not incorporate variables that may be

i nportant but are difficult to nodel (Barnthouse et al. 1994).
Consi stent with the advice of Barnthouse et al., NWFS views the
nodel s as nost useful to indicate trends in populations and as a
nmeans to test the sensitivity of nanagenent strategies to

di fferent underlying hypot heses. The nodels are also useful to
gi ve a snapshot of whether there is a high or noderate
probability that the species will survive and recover under a

gi ven set of assunptions and nmanagenent actions. This is
particularly inportant given the different underlying hypotheses
of the two nodel s and the opposite managenent approaches
suggest ed by each.

The two nodels give dramatically different results when presented
with the sanme set of nmnagenent actions (NVMFS 1995d). One nodel
suggests that increased flows through reservoir drawdowns has the
best chance of ensuring species survival, while a strategy that
relies on transportation is likely to lead to extirpation. The
ot her suggests that increased and inproved transportation has the
best chance of ensuring species survival, while a strategy that
relies on drawdown is likely to lead to extirpation. These

di fferences sharply frane the scientific issues which, in turn,
define the central hypotheses that require further rigorous

eval uations. The dramatically different results of the two
nodel s suggest there is great risk to the survival and recovery
of the listed stocks of any managenent option that relies solely
and concl usively on any single set of assunptions.
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NMFS has concl uded that CRI SP passage nodel assunptions are nore
consistent with avail able data on passage survival and therefore
the results of life cycle nodeling that use CRISP results (i.e.,
SLCM) are due nore weight (See Section IV.A 7.b). NWS also is
awar e, however, that the assunptions underlying the FLUSH passage
nodel were devel oped by experienced regi onal managers and
scientists with considerable expertise in both the operations of
the FCRPS and the biology of listed and ot her Pacific anadronous
fish stocks. NWMS does not believe it is prudent to disregard
the results of life cycle nodels that use FLUSH results (i.e.
ELCM, particularly in light of the consequences of making the
wr ong nanagenent choi ce.

A. Spri ng/ Sunmer Chi nook

Model results relative to survival of |isted species were

equi vocal . FLUSH ELCM nodel results indicate that the
probability of being above the threshold is |ess than 70% f or
four of five index stocks over a 24-year period. This concl usion
applied to i ndex stocks in good habitat with no hatchery

i nfluence and, therefore, this was not subject to possible

i nfluence of habitat inprovenent assunptions, as in the case of
an index stock in poor habitat. Under certain assunptions, there
was a probability greater than 70%that at |east four index
stocks woul d be above the threshold over 100 years. One
assunption associated with this conclusion, effectiveness of the
predator renoval program is considered by NVFS to be nore likely
than the alternative assunption nodeled in FLUSH - that the
program has no effect on reservoir nortality.

CRi SP/ SLCM nodel results indicate that, under certain
assunptions, both 24- and 100-year survival criteria will be net.
Some of the necessary assunptions, however, do not appear as
reasonabl e as alternative assunptions. These include the
assunption of no depensation, at |east when inplenented in nodels
in the manner suggested by the BRWG (NMFS 1995a), and the
assunption of increases in survival due to habitat inprovenents
and i nproved hatchery managenent for stocks in relatively
pristine habitat with |ittle or no hatchery influence.

FLUSH ELCM resul ts do not suggest that a "noderate to high"

| i kel i hood of recovery is possible. CRi SP/SLCMresults suggest

the recovery criterion may be net, but only under a set of

several higher |level assunptions. Either there nust be no

depensation, at |east inplenented as suggested by the BRWG or

there nust be significant increases in survival due to habitat

i nprovenents and i nproved hatchery nmanagenent for stocks in
relatively pristine habitat with |[ittle or no hatchery influence.
NMFS is skeptical of these assunptions. (NMFS decision to give

greater weight to CRi SP passage nodel i ng does not change concerns
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about the assunptions contained in SLCMIife cycle nodeling
related to other parts of the life cycle such as hatchery and
habitat inprovenents.) This is not to suggest that habitat
protection is not inmportant in good habitat, or that habitat

| nprovenents are not inportant in degraded habitat. Rather, the
suggestion is that it may not be realistic to assunme inprovenents
i n production due to habitat or hatchery inprovenents for stocks
in pristine habitat or with little or no hatchery infl uence.

CRi SP/ SLCM aggr egat e assessnents based on dam counts are nore
optimstic for long-termsurvival and recovery, but sonewhat nore
pessimstic for short-termsurvival. PAM SPM aggregate results
suggest that recovery is not likely under an action simlar to

t he proposed acti on.

As noted earlier, NVFS views the nodel results as an indication
of trends and a conparison of assunptions rather than an absol ute
predi ction of expected results of particular actions. For
exanple, NVMFS is concerned not sinply that survival |evels are
attained but also that the popul ations exhi bit an increasing
trend toward recovery. In this case, however, ELCM projects a
declining population, with only one of the index stocks having a
reasonably high likelihood of survival, under a range of
reasonabl e assunpti ons, over the near or long term That sane

i ndex stock is the only one with a reasonable |ikelihood of
recovery as well.

The SLCM nodel does not project a seriously declining population
but rather an increasing one. Although survival and recovery
goals are not projected for a magjority of stocks under
assunpti ons NMFS consi ders reasonable, results are overall fairly
optimstic. These optimstic results are bol stered by anal ysis
of the aggregate dam counts, which shows a high |ikelihood of
survival and noderate to high likelihood of recovery. These
optimstic results are not generally supported, however, by a
qualitative anal ysis.

It is worth noting that SLCM nodel runs assuned surface
collectors would be installed on all Snake River dans by 2002 and
have an 80 percent fish passage efficiency in conbination with
ext ended screens. While surface collectors are nentioned as one
alternative in the action agencies’ suppl emental biological
assessnent, there is no specific schedul e or decision path
ensuring their inplementation. Thus, while SLCM nodeling results
indicate a positive trend in popul ation, including achieving
recovery of the aggregate, the results are based on assunptions
about actions not specifically proposed. As noted el sewhere,
they are al so based on assunptions about the benefits of
transportation that are questioned by state and tri bal

bi ol ogi sts. If the state and tribal assunptions are instead
correct, the ELCM nodel indicates a downward trend in the
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popul ation is likely. The conbination of the incorporation of
benefits from actions not specifically proposed, and the concern
that plausible alternative assunptions yield dramatically
different results, suggests that nodeling results do not support
a conclusion that the proposed action, conbined with actions in
ot her sectors, is likely to neet the biol ogical requirenents of
spri ng/ summer chi nook.

QO her qualitative factors support the conclusion that the species
is unlikely to remai n above the survival and recovery |evels
under the proposed action over the long term Recent stock
performance reflects a declining trend, and the recruit-to-
spawner ratio for nost subpopul ati ons has been below 1 in npst
recent years. Projections for 1995 and 1996 returns are for all-
time low returns and stock performance after 1996 is likely to be
poor given current | ow popul ation size and recent conditions (see
Section 111.A 4 discussion on Environnental Baseline). Wiile

t he proposed action represents several inprovenents over recent
conditions, those inprovenents are not dramatic in terns of

i ncreased survivals.

The current operation of the FCRPS has significant inpacts on

|l i sted spring/sumrer chinook juveniles and adults, as docunented
in sections IV.A 1-1V.A 7. The estimates of juvenile nortality
t hrough the FCRPS are high based on SLCM (35-64% and very high
based on ELCM (59-93% . Estimates of adult nortality are al so
hi gh. Al though the portion of passage nortality attributable to
passage through the FCRPS is not known, it is |likely to be a
significant factor.

Wil e sone of the proposed actions represent an inprovenent over
the environnmental baseline (such as engineering inprovenents at
dans), these inprovenments will not achieve the nagnitude of

i mprovenents in survival through the FCRPS contenplated in the
Recovery Plan. As conditions under the environnental baseline
are unlikely to neet the species’ biological requirenents, it is
unlikely that the nodest survival inprovenents resulting fromthe
proposed action spanning a four-year period will neet those

requi renents. Inproved survivals in the FCRPS of the magnitude
necessary can only be achieved through I ong termactions that
significantly reduce dam passage nortality (such as through

i mproved fish guidance efficiency fromsurface collectors or
renoval of the effects of the danms through natural river
drawdown), or long termactions that inprove travel tine (such as
t hrough i nternedi ate drawdown, coupled with inproved fish

gui dance efficiency). Although sone near term system

i nprovenents are included in the proposed action, taken together
they are unlikely to add up to the | evel of inprovenent necessary
to contribute adequately to the species’ biological requirenents.
Section IV.C reviews the consistency of the proposed action with
the actions identified in NMFS proposed Recovery Plan. The
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proposed action is inconsistent with NMFS proposed recovery pl an
In significant ways. Most inportantly in the short term the
proposed recovery plan calls for changes in hydropower operations
that will result in inproved inriver survival through spill at
danms and increases in Colunbia River flows. |In addition, the
proposed recovery plan calls for |long termchanges to the
hydropower facilities that are expected to result in the |evel of
survival inprovenents that will ensure the |ong-term survival and
contribute adequately to the recovery of the |isted stocks.

NMFS concl udes that the operation of the FCRPS as described in
the 1994-98 Biological Opinion is likely to jeopardize the
continued existence of |isted spring/sumrer chinook sal non and
adversely nodify its critical habitat because of: 1) the recent
declines in spring/sunmer chinook popul ations, their current
critically low levels in 1994 and projected for 1995; 2) the fact
that the proposed action differs in significant respects fromthe
Recovery Plan; 3) the fact that the FCRPS is a major limting
factor in the survival and recovery of these stocks; 4) the fact
that life cycle nodeling and ot her anal yses do not indicate that
the species’ biological requirenments will be nmet under different
assunptions; 5) the fact that the proposed action offers only

m nor survival inprovenents over recent conditions; and 6) the
fact that the only way to achi eve significant inprovenents is
with long termsystem reconfigurations.

NMFS pl aces particul ar inportance on differences between the
proposed action and the Recovery Plan. The Recovery Plan takes
an approach that does not commt conpletely to one or the other
| ong term managenent approach (drawdowns versus increased
transportation), which also neans it does not commt conpletely
to one or the ot her nodel, with its underlying assunptions. In
addition, the Recovery Plan includes alternate najor system
nodi fications for the |longer termactions that are likely to
attain significant inprovenents in species survival

B. Fal | Chi nook

Under the proposed action, the FLUSH ELCM nodel results indicate
that, under certain assunptions, Snake River fall chinook sal non
have greater than 70% | i kel i hood of being at or above the
threshold | evel defined in NVFS (1995a) and section IV.A in both
the 24- and 100-year periods (Tables 4, 11, and 12 of NWS
1995h). Necessary assunptions are 1:1 or 2:1 T/Cratios from
Lower Granite Dam and an assunption of a 25% reduction in
reservoir nortality due to squawfi sh renmoval. The transportation
assunptions result in values at McNary Dam bel ow t he 95%
confidence intervals of recent transport studies, so NVFS views
these results cautiously.

89



Under the proposed action, CR SP/SLCM nodel results indicate that
Snake River fall chinook salnon will not neet threshold survival
| evel s under any assunptions nodel ed by the BPA anal ytical team

A noderate to high probability of achieving recovery |evels was
not nmet under any assunptions nodel ed by the state and tri bal
anal ytical teamor the BPA anal ytical team

These extrenely pessim stic results nmust be tenpered to sone
extent. Due to tine constraints, neither the STFA or BPA

anal ytical team nodel ed the harvest rate called for in the
Recovery Plan in conjunction with this FCRPS operation. BPA did
nodel a range of survival inprovenents in other |ife stages but,
due to time constraints, the STFA teamdid not. Also, these
FLUSH ELCM fal | chi nook nodel runs for the proposed action were
performed using a schedul e of inplenenting extended-I|ength
screens at additional projects that is slower than the schedul e
currently proposed. Had there been sufficient tine to re-run
FLUSH ELCM anal yses with the proposed schedul e, nodel results nay
have been sonmewhat nore optimstic (H Schaller, ODFW pers.
comm, February 18, 1995).

I nclusion of extrenely | ow harvest rates in this analysis would
undoubt edl y have resulted in higher survival |evels. However, it
is unlikely that conclusions would change, since the probability
of neeting recovery goals, even with life-cycle inprovenments, was
only 0-2%w th CRi SP/ SLCM nodel i ng.

NMFS concl udes that the operation of the FCRPS as described in
the 1994-98 Biological Opinion is likely to jeopardize the
continued existence of listed fall chinook sal nron and adversely
nodify its critical habitat because of: 1) the recent declines
in fall chinook popul ations; 2) the fact that the proposed action
differs in significant respects fromthe Recovery Plan; 3) the
fact that the FCRPS is a major limting factor in the surviva
and recovery of these stocks; 4) the fact that life cycle
nodel i ng and ot her anal yses do not predict species’ biological
requirenents will be nmet under different assunptions; 5) the fact
that the proposed action offers only m nor survival inprovenents
over recent conditions; and 6) the fact that the only way to
achieve significant inprovenents is with |ong term system

reconfi gurations.

NMFS pl aces particul ar inportance on di fferences between the
proposed action and the Recovery Plan. The Recovery Plan takes
an approach that does not commt conpletely to one or the other
| ong term managenent approach (drawdowns versus i ncreased
transportation), which also neans it does not commt conpletely
to one or the other nodel, with its underlying assunptions. In
addition, the Recovery Plan includes alternate najor system
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nodi fications for the |longer termactions that are likely to
represent significant inprovenents in species survival

C. Sockeye

There are no nodels to predict the |ikelihood that species

requi renents for sockeye will be net in the foreseeable future.
Ret urns have been extrenely | ow and the captive broodstock
program while generally successful, will not produce nunbers of
natural ly spawning fish that approach the threshold levels in the
foreseeable future. It is NVFS scientific judgnent that there
is a very high Iikelihood sockeye sal non populations will remain
bel ow the threshold level in the foreseeable future and thus that
their biological requirenents will not be net.

Al t hough there are not now significant nunbers of |isted sockeye
m grating through the FCRPS because of the captive broodstock

program there will be significant nunbers once sockeye juveniles
rel eased into Redfish Lake begin to mgrate. Therefore, the
effects of the FCRPS proposed operations wll have an increasing

rel evance to these sockeye as increasing nunbers of fish
mgrating in the river systemplay a nore inportant role in the
survival of this species. Assum ng that sockeye encounter the
same or higher levels of nortalities as spring/sunmer chinook,
passage through the FCRPS will inpose a high level of nortality
on these stocks.

Wil e sone of the proposed actions represent an inprovenent over
the environnmental baseline (such as engineering inprovenents at
danms), these inprovenments will not achieve significant

i nprovenents in survival through the FCRPS over the long term

As conditions under the environnmental baseline are unlikely to
neet the species’ biological requirenents, it is unlikely that
the survival inprovenents resulting fromthe proposed action wll
neet those requirenents. Since significant survival inprovenents
are necessary in the long run in order to achi eve survival and
recovery of the stock, an action that inposes as high a |level of
nortality as that inposed by the FCRPS clearly is a limting
factor on their survival and recovery.

| mproved survivals in the FCRPS of the nagnitude necessary can
only be achi eved through |ong termactions that inprove passage
nortality, such as inproved passage survival through inproved
fish guidance efficiency or natural river drawdown, or inproved
travel tinme through drawdown. Although sone near term system

i nprovenents are included in the proposed action, taken together
they are unlikely to add up to the | evel of inprovenent necessary
to nmeet the species’ biological requirenents.

Section IV.C reviews the consistency of the proposed action with
the actions identified in NMFS proposed recovery plan. The
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proposed action is inconsistent with NMFS proposed recovery pl an
In significant ways. Most inportantly in the short term the
proposed recovery plan calls for changes in hydropower operations
that will result in inproved inriver survival through spill at
danms and increases in Colunbia River flows. |In addition, the
proposed recovery plan calls for |long termchanges to the
hydropower facilities that are expected to result in the |evel of
survival inprovenents necessary to sufficiently reduce the inpact
of the FCRPS on |isted sockeye.

NMFS concl udes that the operation of the FCRPS as described in
the 1994-98 Biological Opinion is likely to jeopardize the
continued existence of |isted spring/sumrer chinook sal non and
adversely nodify its critical habitat because of: 1) the near
extirpation of sockeye popul ations; 2) the fact that the proposed
action differs in significant respects fromthe Recovery Plan; 3)
the fact that the FCRPS under the proposed action is a major
limting factor in the survival and recovery of these stocks; 4)
the fact that life cycle considerations do not predict species’

bi ol ogi cal requirenents will be nmet; 5) the fact that the
proposed action offers only m nor survival inprovenments over
recent conditions; and 6) the fact that the only way to achieve
significant inprovenents is with long termsystem

reconfi gurations.

VI, Reasonabl e and Prudent Alternative to the Proposed
Acti on

A. Description of the Alternative

The reasonabl e and prudent alternative contained in this

Bi ol ogi cal Opinion identifies inmediate, internediate and | ong
termactions that will inprove the operation and configuration of
t he hydropower system One of NMFS objectives in formulating

t he reasonabl e and prudent alternative is to require

i npl ementation of all reasonabl e neasures for the operation and
configuration of the FCRPS that will reduce the nortalities of
listed fish -- both to neet the no-jeopardy requirenent of the
ESA and to fulfill the United States’ conmtnent to uphold tri bal
treaty fishing rights. The alternative enploys an adaptive
approach to increasing survival and the probability of recovery
of listed salnon, by taking imediate actions to inprove mai nstem
survival while reducing the uncertainty about the likely benefits
of, need for and feasibility of najor system structural

nodi fications. |mediate survival inprovenents include inproved
bypasses, increased spills and spring/sumrer flows, reduced fish
handl i ng, better fish transportation conditions, etc. Mjor
structural nodifications include installation of surface
col l ectors and drawdowns (natural river or spillway crest).

| medi ate pl anni ng and eval uati ons to address potential system
nodi fi cations include:
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1) Evaluate in-river mgration versus transport under the
best conditions achi evabl e wi thout ngjor structural
nodi fications, using adult returns of PIT-tagged

juveniles
2) Eval uate in-river survivals using PIT tag data,
3) Install and test surface collection prototypes and

evaluate their ability to inprove in-river passage or
col l ection efficiency

4) Eval uate existing data through a rigorous analysis to
reduce uncertainty,

5) Conpl ete necessary planni ng tasks to begin
i npl enent ati on of drawdown.

These eval uations are expected to provide information on:

1) The conparative benefits of in-river versus transport
survi val

2) The feasibility of surface collection technol ogy, and
its ability to inprove in-river survivals and/or
col l ection efficiency,

3) The feasibility of natural river drawdown,

4) The feasibility of internediate drawdown,

5) The ability of transportation to avoid nortalities
associ ated with passage through the FCRPS (i.e.,
whet her there is a high |l evel of delayed nortality of
transported snolts),

6) The adequacy of either in-river or transport survival
to provide sufficient inprovenents in survival and a
hi gh probability for recovery in the absence of
dr awdowns.

There are several decision points along this path, sonme of which
can be clearly identified and sone of which nust await additi onal
information. The first prelimnary decision point regarding
drawdown of the Lower Snhake reservoirs should be possible in
1996. By mid-1996 the reasonabl e and prudent alternative calls
for the CCOE to have conpleted an interimeval uation report on
natural river drawdown, spillway crest drawdown, and surface
collectors (Figure 1). The COE should then proceed in 1996 with
t he engi neering and design work on the preferred drawdown
alternative and surface collectors, unless NWS and the CCE agree
that a different course should be pursued. Engineering and
desi gn work should be conpl eted by Decenber 1998, foll owed by
conpl eti on of the NEPA process and the quest for congressional
aut hori zation, to ensure that inplenentation of drawdown or
surface collectors in the Snake River nmay begin by 2000.
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Decision Path for the Snake River Hydropower System
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The eval uation of surface collection technology will proceed

al ong the sane path, except that testing of surface collectors

wi |l proceed i mediately at |Ice Harbor and The Dalles dans in
1995. In 1996, prototype surface collectors will be tested at
Lower Granite and The Dalles dans. Surface collectors nay be
installed in the | ower Colunbia regardl ess of the decision on the
Snake.

By late 1999 there should be sufficient information available on

the two primary choices for nmajor structural inprovenents at the
| oner Snake projects: surface collectors versus drawdowns (or
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possibly both if spillway crest drawdown is pursued). The year
1999 is selected as the final decision point for inplenmentation
of drawdowns prinmarily because of the need to collect biological
i nformati on before drawdown construction begins. At the tineg,
there will be three years of adult returns fromthe
transportation studies and several years of information on in-
river juvenile survival fromPIT tag studies. This infornmation,
shoul d help clarify whether transported fish suffer del ayed | oss
or nortality, or whether transportation is likely to provide the
hi ghest | evel of survivals for downstream m grants under certain
river conditions because it avoids nortalities associated with
passage of downstream dans and reservoirs.

This information will also hel p answer the question of the |evel
of nortality inposed on |listed Snake River sal non by the FCRPS.
This in turn will help answer whether sufficient survival

i mprovenents can be achieved in the hydropower systemto
contribute to the recovery of the |isted stocks, or whether |arge
survival inprovenents nust be achieved in other sectors. (Under
NMFS Recovery Plan, these survival benefits are called for in
habitat, hatchery and harvest actions, and sinmultaneous

eval uations will be conducted in those areas.)

Al so by 1999 there will be several years of information on the
feasibility and efficacy of surface collectors. This
information, in conbination with the information on in-river
survival and transport nortality, will help clarify whether
surface collectors in conjunction with an i nproved transportation
program or in conjunction with inproved in-river conditions
(i.e., increased flow and spill passage) are likely to provide

t he hi ghest |evel of survivals for downstream m grants.

The reasonabl e and prudent alternative detailed in the foll ow ng
provi si ons nmaps out an adaptive approach. Al FCRPS actions
shoul d be carefully nonitored and evaluated for their value in

i mproving survivals of listed fish. Sone of these actions are
new ways of operating and not all of their consequences can be
anticipated. For some of the planning and eval uation acti ons,
future steps depend on the results of earlier steps and so cannot
be described in detail into the future. NWS expects to work
closely with the action agencies, state fishery agencies, Indian
tribes and other regional interests to evaluate actions and
propose adaptations based on energing data. Many of the actions
are accordingly described as interim where it is clearly
anticipated that they may change as new information i s acquired.

The actions are divided into i nmediate actions to inprove
survivals, inmediate research, eval uation and engi neering studies
to inprove survivals in the internediate and long term and
intermediate termactions to inprove survivals.
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| medi ate Actions to | nprove Survivals

1. Inprove flows in the Colunbia and Snake Rivers through
addi tional flow augnentation, and nanage those flows on an in-
season basis to optim ze fish survival

a. The CCE, BPA and BOR shall operate the FCRPS during the fal
and winter nonths, in a manner that provides the follow ng |evels
of confidence of refill to April 20 flood control elevations,
whil e neeting the project and system m ni num fl ow and fl ood
control constraints prior to April 20: 75% at Libby and Hungry
Horse, 85% at G and Coul ee begi nning January 1, and 90% at Al ben
Falls. (Flood control elevations in Colunbia River reservoirs
above the confluence with the Snake River may need to be adjusted
if flood control is shifted from Snake Ri ver reservoirs.)

Dwor shak shal |l be operated on m ni mum outfl ows begi nni ng
Septenber 1, unless drafts are required for flood control.

To ensure the reliability of the power supply, power system
operators nmay need to draft storage projects in energency
circunstances that threaten firmloads (e.g., mmjor tenperature
drops like those experienced in 1989 and 1990; |oss of a mmjor
resource |i ke Washi ngton Nuclear Project 2 or a |large G and

Coul ee unit; or loss of the Northern or Southern intertie). In
sonme circunstances, this need may conflict with fish operations
described in this nmeasure. In order to ensure the ability of the

systemto address such energencies, water that is being stored
for fish under the above operations may be drafted to avoid: 1)
threatened inability to neet firmloads due to energency

ci rcunst ances (indicated above); or 2) voltage and transni ssion
instability. Such drafts should be tenporary and shoul d be

di scussed within the TMI i n advance whenever possible. The
action agencies should purchase power to mnimze the risk that
there will be less water stored for anadronmous and resident fish
t han woul d ot herwi se have been stored. Water may al so be drafted
i f necessary to neet Vernita Bar flow requirenents.

The BPA shall negotiate with BC Hydro and the other U.S. non-
Treaty Storage Agreenent signatories to mutually store water in
NTS during the spring for subsequent release in July and August
for fl ow enhancenment, as |ong as operational forecasts indicate
that water stored in the spring can be released in July and
August .

During the spring and sunmer sal non m grations, operate the FCRPS
to nmeet the flow objectives described in paragraph g, with the
following interimlimts on reservoir elevations through August
31l: Gand Coulee - elevation 1280 feet; Libby - elevation 2439
feet; Hungry Horse - elevation 3540 feet; Dworshak - el evation
1520 feet. Libby my be drafted to a deeper elevation in sone
years to provide flows for sturgeon spawni ng in accordance with
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the Fish and Wldlife Service s Biological Opinion of March 1,
1995.

Thi s operation substantially alters the operation of the
reservoirs in the FCRPS conpared to the 1993 and 1994 bi ol ogi cal
opinions. |In effect, it increases the priority for the use of
reservoirs for fish flow augnentation relative to power
production. The inpacts of this change can be seen by applying
the 1995 restrictions to the actual operations in the drought
years of 1992-94. According to BPA analysis, in 1992-94, 10 to
11 mllion acre-feet of water was shifted fromthe fall and
winter to the spring and summer, and used for anadronous fish
fl ow enhancenent. If this 1995 Bi ol ogi cal Opi nion had been in
effect from 1992-94, 13 to 16 mllion acre-feet (MAF) of water
woul d have been rel eased for salnon. This operation wll

i ncrease the |ikelihood of achieving fl ow objectives in the
spring by 25% and in the sumrer by 90%in the Colunbia River
over the 1994-98 Bi ol ogi cal Opinion |evels.

Both wi nter operations and draft limts should be considered
interim NWMFS goal for operations of the Colunbia River is to
operate the FCRPS in such a way that flow targets are net during
the spring chinook migration and reservoirs are full on June 30.
Having reservoirs at flood control on April 20 increases the
| i kel i hood that spring flowtargets will be net and the
reservoirs will be full on June 30. Having reservoirs full on
June 30, when natural runoff declines, results in the greatest
anount of water available for the sunmer mgration period. NWS
recogni zes that this goal cannot be achieved in every year
particularly | ow water years. Paragraph f, which establishes an
I n-season managenent operation, identifies general guidelines for
the allocation of avail able water.

Anal ysi s conpl eted by BPA indicates that under average and above
average runoff conditions, operation of the hydropower system
under the 1994-98 bi ol ogi cal opinion would result in spring flow
obj ectives being net and reservoirs being full on June 30. It
may be, therefore, that NMFS goal can be achieved with an
approach that requires the upper rule curve operation only in
years in which the runoff is projected to be bel ow normal. For
exanple, if an above average runoff is projected on January 1,
the system may be able to operate | ess conservatively during the
winter and still have a very high probability of meeting spring
flow targets and being full on June 30. |In particular, it my be
that an operation that calls for storage of augnentation vol unes
above the water budget when runoff projections are bel ow a
threshol d runoff volume will achieve results simlar to the
operation described in this neasure.

The NMFS recogni zes the inportance of winter operations to the
reliability of the hydropower system and the fact that
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conservative operations are nost appropriate when runoff is
projected to be less than normal. Because there are nmany ways to
descri be operations of the FCRPS and there was not tinme to
devel op and nodel all options, NVMFS intends to conti nue worKking
with the action agencies, state fisheries agencies, Indian tribes
and other regional interests to refine this operation. Any
alternative operation, however, should have the sane degree of

l'i kel i hood of neeting flow targets in the spring and being ful

on June 30.

The NMFS considered alternative winter operations in devel opi ng
its proposal. 1In the Detailed Fisheries Operation Plan (DFOP),
state fisheries agencies and tribes recommended flow targets be
nmet in the Colunbia without specifying what hydropower operation
woul d be used to achieve those flows. State and tri bal
participants in the IDFG v. NMFS di scussions agreed that the
nodel i ng of hydropower operations used in the biological nodeling
shoul d assune that reservoirs would be operated to upper fl ood
control rule curve throughout the fall and wi nter and that
reservoirs would be drafted to enpty if necessary in the sumer
to nmeet flow targets. On the other side, the Power Pl anning
Council in its Decenber anendnents adopted a fl ow augnentati on
operation that calls for storage of specified volunes at given
runof f | evel s.

The NMFS concl uded that the approach used in DFOP was
unnecessarily restrictive. It gives the highest probability of
havi ng t he nmaxi nrum anount of water avail able at the begi nning of
the salnon mgration, but in nost years results in water being
rel eased for flood control in March. Under NMFS operation
according to BPA analysis, there are only eight years in which
Grand Coulee is not at the upper flood control rule curve on
April 20, and in only four to five of those years is the mss in
the area of 1 MAF. The additional 1 MAF that would be gained in
those four to five years would cone at the cost of running the
systemin the nost conservative (and therefore expensive in terns
of | ost power) fashion for all 50 years. The NMFS concluded it
was not reasonable to inpose such a rigid operation on the system
for this degree of benefit when a nore flexible operation gave
simlar results.

On the other side, analysis conducted by BPA and the Counci
showed an increase in the likelihood of neeting flow targets with
the operation described in this neasure conpared to the water
budget approach, particularly in bel ow average water years. The
Wi nter operation generally increases flows in the spring and to a
| esser extent in the sumer in bel ow average water years, while

t he sunmer operations generally increase summer flows in all but
t he hi ghest water years. At the sane time, this operation can be
expensive in terns of |ost power generation. NMS concluded it
was reasonable to pursue this operation, notw thstanding the
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expense, because it can provide a significant increase in spring
flows in bel ow average water years and in sumrer flows in nost
wat er years.

Limts are placed on reservoir drafts with the goal that
operations for anadronous fish do not place at risk other
portions of the Col unbia Basin ecosystem and the resident fish
and wildlife that rely on the reservoirs. As with winter
operations, NMFS considered alternative reservoir operations
contained in DFOP and the Council amendnents in developing its
proposal . Participants in the IDFG v. NMFS di scussi ons agreed
that the nodeling of hydropower operations used in the biol ogical
nodel i ng shoul d assune that reservoirs could be drafted to enpty
if necessary to neet flowtargets. The Council plan adopted the
"integrated rule curves" (1 RC) proposed by Mntana and the "water
retention tinme" proposal of Lake Roosevelt interests to govern
both wi nter and sunmer operations of Libby, Hungry Horse and

G and Coul ee reservoirs.

The hydropower operations nodeled to neet DFOP flow targets
drafted Li bbby, Hungry Horse, Grand Coul ee and Arrow reservoirs to
enpty in sonme years and down significantly in other years to neet
flow targets. NWMS concluded that it is not reasonable to
operate U S. reservoirs in a manner that drafts themto enpty or
to deep levels in a significant nunber of years, and that it is
not reasonable to assume that the United States can convince
Canada to draft Arrow enpty or deeply to neet flow targets for

sal non. Several commenters, including upper river tribes, raised
serious concerns about inpacts to resident fish and wildlife.
According to information submtted during the IDFG v. NWFS

di scussi ons, repeated deep drafts of reservoirs would |ikely have
severe inpacts on resident fish and wildlife.

The | RC operation adopted by the Council for Montana reservoirs
general ly operates Libby and Hungry Horse at | ower elevations in
the winter for power production. 1In the sunmer, IRCs are
designed to have reservoirs full by June 30 and remain ful

t hrough July and August, except during the worst water years when
power needs may allow refill to lower levels. At Gand Coul ee,
the Council’s operation calls for a deeper draft prior to the
begi nning of the flood control season to ensure that the spring
runof f does not "flush" out of the reservoir nutrients considered
i mportant to resident fish and aquatic organisns. The Council’s
program al so does not have as much water noving through G and
Coul ee in July and August, (greater water novenment decreases
retention tinme). Although information was submtted during the

| DFG v. NMFS process to support the biological benefits of these
reservoir operations, NWFS did not find convincing the specific
data that the operation contained in this nmeasure would clearly
darmage resident fish and wildlife.
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Conversely, NMFS concluded it was reasonable to place sone limts
on how deeply reservoirs could be drafted in nost years. The

el evations selected by NWWS are drawn from suggesti ons made by

bi ol ogi sts or federal agencies during the IDFG v. NWVFS

di scussions. There was not tine to analyze fully the inpact of
these el evations on resident fish and wildlife and whet her
regul ar deeper drafts m ght have acceptabl e i npacts on resident
fish and wildlife. Accordingly NWFS concluded that the draft
limts proposed were reasonable as interimlimts until better

i nformati on coul d be devel oped.

The benefits of meeting flow objectives are discussed in
NMFS 1995b. The operation contained in this nmeasure will

increase the likelihood that flow objectives will be net,
particularly in bel ow average water years when mgrating fish nmay
need it nost. In addition, this operation will result in a
greater total volume of water being discharged into the estuary
when migrating snolts are arriving at the estuary. It has been

suggested that one of the causes of decline of |isted stocks is
the reduction in total discharge into the estuary during the

m gration period (SRSRT 1994). This reduction resulted from
construction of upriver storage, particularly Libby and storage
projects in Canada in the late early 1970s. This operation wll
mtigate that effect to a certain extent.

b. The BOR shall continue to provide the 427 thousand acre-feet
(kaf) of flow augnentation fromthe upper Snake Ri ver as
identified in the Power Planning Council’s Strategy for Salnon in
1995-97, taking such actions as are necessary to ensure a high
probability of providing provision of that volunme by 1998. The
BOR shal | subsequently secure an additional anmount of water, in
coordination with the states of Idaho and Oregon, as may be
necessary to further reduce human-caused nortality of endangered
salmon in the Snake River. Consistent with the Northwest Power
Pl anning Council’s Strategy for Salnon, the BOR shall secure
water for flow augnmentation in a manner that is consistent with
applicable state law and fromwi lling sellers. [If the BOR fails
to make significant progress toward securing these vol unes,
formal consultation shall be initiated. The BOR should explore
and pursue the nost-effective neans avail abl e of acquiring water
i ncluding dry year |eases, |and fallow ng, and purchases of

st orage space.

Addi tional stored water is needed for fish flow augnmentati on,
particularly in the Snake River, in low flow years when fl ow

obj ectives cannot be achieved with presently avail abl e storage
vol unes. The USFWS has prepared a Coordi nati on Act Report
addressing flow i nprovenent neasures for Col unbia and Snake River
sal nron (USFW5 1993). The need for additional water for flow
augnentati on fromthe upper Snake River, Dworshak Reservoir, and
t he upper Colunbia River is identified in the report. The CBFWA
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(1991) concludes that increases in flow are essential to mtigate
for disruption of the natural runoff of the Colunbia and Snake
Rivers as a result of dam operations. See NMFS 1995a for

di scussi on of biological benefits.

The Power Pl anning Council plan calls for 1 MAF of additi onal
stored water fromthe upper Snake basin above the 427 kaf
identified in its original Strategy for Sal non. The state and
tribal DFOP proposal calls for an additional 1.5 MAF beyond the
427 from the upper Snake. NM-S agrees that additional
augnent ati on volunes are essential in the Snake River during | ow
fl ow years and during the sunmer mgration period and that the
BOR shoul d take all reasonable steps to secure additional water.
Thi s reasonabl e and prudent alternative includes a neasure for
BOR to ensure its ability to provide the 427 called for in the
Council’s original plan. The Recovery Plan calls upon BOR to
pursue the acquisition of additional water after 1998 if
necessary to contribute to survival and recovery of I|isted

st ocks.

During the IDFG v. NMS di scussions, both BOR and the state of

| daho provided information that it would be unlikely BOR could
acquire nore water in the upper Snake w thout resorting to
condemation. NMFS concluded that it would not be realistic to
expect nore water could be acquired than is specified in this

bi ol ogi cal opinion and the recovery plan. Because of concern
that it will be difficult to acquire even these nodest anounts of
wat er, NMFS has included a provision that consultation my be
initiated with BOR on operation of its reservoirs in the upper
Snake if progress is not nade toward acquiring this water.

c. The CCE and the BOR shall evaluate flood control operations
that provide additional storage volunmes for fish flow
augnentati on. These operations mght result froman optim zation
or relaxation of existing requirenments, the devel opnent and use
of inproved streanflow forecasts, the application of structura
and non-structural controls, and the inplenmentation of additional
flood control shifts between reservoirs. Such an eval uation
shall consider the utility of John Day drawdown to provide
additional flood control space. The agencies shall report to
NMFS by Novenber 1996, and if actions are feasible, begin

i npl enmentation in Decenber 1996.

The CCE shall inplenent for 1996 and beyond the 1.5 NAF
real | ocation of flood control fromArrowto Mca, as specified in
this year’s February data submittal. At Gand Coul ee the COE and
the BOR shall add new fl ood control operating rule curves for the
70-95 MAF range of forecasted unregul ated runoff at The Dalles to
refine the operation for flood control in the nonths January

t hrough June.
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Fl ood control requirenments force storage reservoirs to draft
water in the winter and early spring to provide space for
antici pated runoff, reducing the avail able water in storage.
Addi ti onal storage would increase flows for fish mgration,
especially in | ow water years.

d. The BPA and COE shall continue attenpting to expand current
arrangenents for storage in Canadian reservoirs to all ow
additional storage for fish fl ow enhancenent, above the current
approximate 1 MAF realized in current operational agreenents.
This storage woul d be negotiated with the sanme principle of the
current storage arrangenent, which is to neet U S. and Canadi an
non- power objectives in a revenue-neutral nanner and on a

nmut ual | y agreeabl e basi s.

| mproved operations at Arrow, including flood control
real | ocations and a sunmer draft of twenty feet (simlar to
drafts of U S. reservoirs) could provide an additional 3.5 MAF of
fl ow augnentation. NMS recogni zes that these operations would
be unnecessary in above normal runoff years because in those
years NMFS goal of neeting flow targets and having ful

reservoirs on June 30 will be achieved. Arrangenents on
operation of the Canadi an projects should therefore enphasize
operations during average and bel ow average runoff years. |f BPA
and COE fail to nake significant progress toward securing
addi ti onal volunes, consultation will be initiated anong BPA, COE
and NMFS on operational arrangenments under the Detail ed Operating
Pl an between BPA, CCE and BC Hydro. For 1995, BPA and CCE should
i medi ately determine if a mninumflow operation at Arrow, would
significantly increase the probability of meeting spring flow

obj ecti ves.

e. For 1995, the TMI shall coordinate with |Idaho Power Conpany
for the provision of additional stored water for flow
augnentati on from Brownl ee Reservoir if necessary to neet the

fl ow objectives at Lower Granite. The operation would be to
draft to el evation 2069 feet during May, no refill, pass inflow,
draft to elevation 2067 feet in July, no refill, pass inflow and
draft to 2059 in August or Septenber (as determ ned by the TM);
begin refill in Septenber. The TMI may request alternate
operations based on conditions in season. For 1996 and beyond,
NMFS and | daho Power Conpany will cooperate on a study of |daho
Power Conpany operations, including shaping of Upper Snake water,
and consi der adjustnents to this operation. The NMFS nay consult
with FERC on these operations if necessary. The TMI may
recommend that COE shift system flood control from Brownl ee
Reservoir to reservoirs in the Colunbia R ver above the
confluence with the Snake R ver.

f. The CCE and BOR shall operate the FCRPS in coordination with
an in-season Techni cal Managenent Team (TMI) throughout the year.

102



The TMI shal |l advise the operating agencies on dam and reservoir
operations to optimnm ze passage conditions for juvenile and adult
anadronous salnonids. By April 1, 1995 the federal agencies
participating in the TMI shall agree to operating guidelines for
the TMI. Recommendations of the TMI shall be made by consensus,
except that when no consensus is reached, NMFS shall meke the
recomendati on. Reconmmendati ons shall be nmade to COE and BOR,
whi ch have authority to operate the FCRPS projects, and to CCE
and BPA, which have authority to nmake agreenents w th Canada
regardi ng storage in Canada.

The TMI shall devel op a water nanagenent plan by April 15 of each
year based on the run-off forecast for that year. |n general,
the plan should attenpt to conserve water for flow augnentation
in July and August, unless doing so would result in significant
departures fromspring flow objectives. To achieve the
conservation of water for sumrer flows, the plan should generally
i nclude operation of all Colunbia River reservoirs to refill by
June 30, with gradual releases to the draft limts through July
and August.

Prior to the mgration season, the TMI will review reservoir
operations and address operational flexibility associated with
the April 15 upper rule curve targets. The TMI may reconmend
that COE shift systemflood control to optimze avail able water
for fish mgration. During the mgration season, the TMI shal
gui de the use of water in the Snake and Col unbia Rivers with the
goal of creating hydrographic conditions that provide the
greatest survivals for |isted Snake River salnon, taking into
account needs of other anadronmous fish in the Basin. Using

vol ume forecasts the TMI will determne how to distribute
avai |l abl e augnentati on volunes on top of runoff, and attenpt to
m m c the natural hydrograph, keeping in mnd the goal of neeting
fl ow obj ectives set out in paragraph g.

The TMI may recommend | ower sunmer reservoir elevations if
necessary to neet flow objectives depending on the circunstances
of the run-off and the salnmon mgration (e.g., a |low water year
that is one in a series of |low water years and an outm grating
popul ati on of fish that represents a strong year class). In
general , | ower sumrer reservoir elevations will only be
recommended when the upper rule curve goals were not net on Apri
20 at Grand Coul ee and Al beni Falls, or when The Dalles April-
August unregul ated runoff is expected to be |ess than 65 MAF,
determ ned as of June 30. During the renai nder of the year the
TMI wi || nonitor and nake reconmendati ons on operations to ensure
operational planning and priorities provide for inproved survival
of listed Snake Ri ver sal non and ot her anadronous species. The
TMI shal |l consist of representatives from COE, BPA, BOR FW5, and
NMFS. I n-season managenent decisions shall be made in
coordination with state fisheries agencies, tribes, the Idaho
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Power Conpany, and other regional interests both directly and
t hrough the Northwest Power Planning Council’s Fish Operations
Executive Conmttee.

NMFS recei ved comrents by states and tribes on its draft

bi ol ogi cal opinion to the effect that those entities should "have
a seat at the table" in making decisions on operations of the
FCRPS. NMFS agrees that state and tribal entities have
managenent authority for Snake River and other Col unbia Basin
stocks and that they have expertise in river operations and their
ef fects on anadronous stocks. Operation of the FCRPS is a
federal responsibility, however, and cannot be del egated to
nonfederal entities. NWS intends to coordinate closely with
state and tribal entities because of their special authorities as
co-managers of the resource and because of their expertise and

bi ol ogi cal judgnment. During the in-season managenent process in
1994, NMFS consulted with state and tribal managers through the
Fi sh Passage Advisory Conmittee prior to the weekly nmeeting with
the action agencies. State and tribal interests were invited to
attend the weekly neetings with the action agencies or to be
represented at the neetings by the Fish Passage Center. At a
policy level, state and tribal representatives interacted with
NMFS and the action agencies through the Power Planning Council’s
Fish Operations Executive Commttee. NWS intends in the in-
season nmanagenent process to continue and strengthen its
coordination with state and tribal managers in 1995 and beyond.

g. In recommending the shaping of flows in-season in accordance
with the guidance in paragraph 1.a, the TMI"s reconmrendati ons
shall take into account the goal of neeting a seasonal average
fl ow objective at the locations and for the tinme periods as
speci fied bel ow.

The dates indicated are for planning purposes. Actual timng of
fl ow augnentation will be determ ned in-season by the TM.
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Snake Ri ver at Col unbi a R ver at
Lower Granite Dam McNary Dam

Spring 4/ 10-6/ 20 85-100 kcfs 4/ 20- 6/ 30 220-260 kcfs
Sunmmer 6/ 21-8/ 31 50-55 kcfs 7/ 1-8/ 31 200 kcfs’

* Al t hough the best biological information supports 200 kcfs
as providing reduced nortality benefits for subyearling
chinook salnon in the | ower Colunbia, decreased nunbers of
fish during | ate August may dictate that use of avail able
wat er nay be preferable during other tines of the juvenile
m gration.

Spring Flows at Lower Granite Dam

I ncorporate a sliding scale for provision of flows based on the
April final volume runoff forecast (and nodified in-season with
the final May forecast) as follows: when the April-July vol une
runoff forecast for Lower Ganite is >16 MAF and <=20 MAF, the
m ni nrum average spring flow shall be determined by a |inear

i nterpol ati on between 85 kcfs and 100 kcfs. When the vol une
forecast for Lower Ganite is >20 MAF, the target average fl ow
will be at |east 100 kcfs.

Summer Fl ows at Lower Granite Dam

I ncorporate a sliding scale for provision of flows based on the
April final volume runoff forecast (and nodified in-season with
the final May forecast) as follows: when the April-July runoff
forecast for Lower Granite is >16 MAF and <=28 MAF, the average
sumer flow shall be determned by a linear interpolation between
50 kcfs and 55 kcfs. Wen the volunme forecast for Lower Ganite
Damis >28 MAF, the target average floww |l be at |east 55 kcfs.

Spring Flows at McNary Dam

When the January-July volune runoff forecast for The Dalles is
>85 MAF and <=105 MAF, the average spring flow shall be

determ ned by a linear interpolation between 220 kcfs and 260
kcfs. Wen the January-July volune runoff forecast for The
Dalles is >105, the target average spring flow at McNary will be
at |l east 260 kcfs.

See NVFS 1995b for a discussion of the rational e behind these
fl ow objectives.
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2. The CCE shall spill at the Snake and Col unbia Ri ver projects
in order to increase fish passage efficiency and survivals at the
dans.

The CCE, during the juvenile spring/sumer chinook mgration
season (April 10 - June 20 in the Snake River and April 20 - June
30 in the Colunbia River), shall spill at all projects, including
coll ector projects, to achieve a fish passage efficiency target
of 80% except under the following |low flow conditions: During
any week in which unregul ated weekly average flows at Lower
Granite Damare projected to be less than 100 kcfs, no spill

shall occur at Lower Granite Dam during any week in which
unregul ated weekly average flows at Lower G anite Dam are

projected to be less than 85 kcfs, no spill shall occur at Lower
G anite, Little Goose, and Lower Mnunental dans, unless the TMI
recommends that spill occur. During the fall chinook mgration

season (June 21 to August 31 in the Snake River and July 1 to
August 31 in the Colunbia River) the COE shall spill at all non-
coll ector projects to achieve a fish passage efficiency target of
80%

It is NMFS view that the best condition for an evaluation of the
effects and efficacy of spill to inprove inriver survival would
be for a single spill regine to prevail throughout the spring

m gration season. NWFS first draft of the biological opinion
used a vol une runoff forecast in the Snake River to trigger spil
operations, which would then remain constant during the season.
In maki ng recommendations to spill at collector projects when
flows are below target levels, the TMI should take into
consideration the objective of having a credi ble eval uati on of
the spill program Accordingly, TMI reconmendations to spill at
t he above projects in the Snake and Colunbia rivers at flows
bel ow the triggers specified should take into account past flow
conditions and future flow projections, how close flows are to
the trigger levels and how much augnentation is planned, the
timng of the juvenile mgration, and the need for a credible

evaluation. |If the use of weekly flow triggers conprom ses an
eval uation, NMFS will consider returning to a vol unme runoff
appr oach.

During low flow periods, spill at collector projects is reduced

or elimnated in order to increase the proportion of fish
transported. The discussion under neasure 3 explains the
rational e for increasing transportation under |ow flow
condi ti ons.

Spill levels calculated to obtain an 80 percent fish passage
efficiency are listed below for each | ower Snake and | ower

Col unmbia River dam These |evels are expressed in percent of

I nst ant aneous project flow during the spill period and were
calculated with the best available information regarding spring
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and fall chinook sal non gui dance efficiency, spill efficiency,
fish passage diel and project operating conditions. Spil
periods are 24 hours at Ice Harbor, The Dalles and Bonneville
Dans and 12 hours (1800-0600) at all others.

DAM LR LGS LWMN ITHR MN JDA TDA BON

% FIl ow, Spring 80 80 81 27 50 33 64 *
% Fl ow, Sunmer *x *x *x 70 *x 86 64 *

* An 80% FPE | evel is not obtainable at Bonneville Dam given
a day tinme spill cap of 75 kcfs and the current |ow fish

gui dance efficiency levels. This spill cap (in place to
reduce adult fallback) limts obtainable spring FPE to 74%
and sumrer FPE to 59% at 100 percent nighttinme spill.

** Spill is not recormended at these projects for sunmer
m grants.
The spill levels necessary to obtain this FPE may be limted by

total dissolved gas (TDG in the river between each project.
Specific nonitoring sites for the purposes of in-season dissolved
gas managenent shoul d be sel ected on the basis of data

consi stency and relationship to fish exposure. Until it can be
determ ned how tailrace nonitoring stations relate to the river
reaches between nonitoring sites and how TDG data col | ected at
these sites relate to fish experience, forebay nonitoring data
will be used for in-season managenent. Water quality and ot her

fi shery nmanagenent agenci es have recomrended t hat nonitoring
sites be | ocated bel ow nm xing areas, the forebay nonitors are the
only presently established nonitors that consistently provide

m xed flow data. Tailrace nonitors are of limted useful ness at
this time, however, they probably best estinate naxi num acute
exposure, particularly for adults.

Spill will be reduced as necessary when the 12 hour average TDG
concentration exceeds 115% of saturation (or as limted by state
wat er quality standard nodifications) at the forebay nonitor of
any Snake or |ower Colunbia river damor at the Camas/Washougal
station bel ow Bonneville Dam or another suitable |ocation to
nmeasure accurately chronic exposure levels. Spill will also be
reduced when 12 hour average TDG | evel s exceed 120% of saturation
(or as limted by state water quality standard nodifications) at
the tailrace nonitor at any Snake or | ower Colunbia River dans.
Aver age concentrations of dissolved gas will be cal cul ated using
the 12 highest hourly nmeasurenents per cal endar day. The use of
12- hour averages, rather than 24-hour averages, is an attenpt to
set a nore conservative standard, and to relate the neasured
concentrations of dissolved gas to the 12-hour spill cycles.
Spill will also be reduced when instantaneous TDG | evel s exceed
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125% of saturation (or as limted by state water quality standard
nodi fications) for any two hours during the 12 highest hourly
nmeasur enents per cal endar day at any Snake or | ower Col unbi a

Ri ver nonitor.

The intent of these gas caps is to ensure that the long term
exposure of adult and juvenile mgrants is to TDG | evel s that do
not exceed 115% NMFS concl udes this operation acconplishes that
goal for several reasons. Radio telenetry studies indicate that
juvenile salnonids tend to nove out of tailrace areas within a
few hours (Snelling and Schreck unpublished) and that adults tend
to nove about laterally in tailraces prior to ascendi ng | adders
(Johnson et al. 1982, Turner et al. 1983). These novenent
patterns |imt exposure to high spill basin TDG | evels. As
spilled water noves out of the tailrace the TDG | evel decreases
at sone point below the project (depending on ratio of these
flows and river topography) because the spilled water m xes with
wat er fromthe powerhouse. For instance, Blahm (1974) found
that, given noderate spill levels, the river was well m xed
within 2.5 mles of The Dalles Dam and 15 m |l es bel ow Bonneville
Dam The requirenment that TDG levels in the forebay be limted
to 115% w Il hel p ensure that areas where mgrating juveniles my
spend | ong periods of time do not have TDG | evel s in excess of
115% Radio tag studies have indicated that sonme spring

m grating juvenile sal non nay be del ayed from several hours to
several days in these areas (Snelling and Schreck unpublished, D.
Rondorf, NBS, February 24, 1995, pers. comm). Finally, the fact
that spill is intermttent at many projects will help limt

di ssol ved gas exposure of fish holding in the forebays and ot her
areas between the projects. This is particularly true for adult
m grants.

After review ng available information on dissolved gas exposure
as well as information and recommendati ons submitted by the
parties during the IDFG v. NMFS di scussions, NMFS concl uded that
115% TDG neasured in the forebays was a reasonable interim
nmeasure to adopt. Several conmenters argued that the
Environnental Protection Agency’s reconmmended water quality limt
of 110% represented an appropriate |evel and should not be
varied. State and tribal entities devel oped a risk assessnent

t hat suggested that |long term exposure to 120% di d not pose
significant risks to mgrating fish and that the benefits of

i nproved dam passage outwei ghed these mnimal risks of TDG
exposure at 120% Still other commenters noted the spill at
col l ector projects reduced the nunbers of fish transported and
that any risk assessnent had to consider the benefits of
transportation. The issue of transportation is addressed nore
fully in nmeasure 3 bel ow.

NMFS concl uded that it was appropriate to seek an operation that
woul d result in the EPA criteria of 110% bei ng exceeded prinmarily

108



because of: 1) the ability of fish in a river environnent to
conpensate hydrostatically for the effects of dissolved gas
supersaturation, and 2) the daily fluctuation in |evels of
di ssol ved gas throughout nost of the river. 1In a river
environnment, depth of migration reduces TDG effects on mgrants.
Each neter of depth provides pressure conpensation equal to a
10% reduction in TDG  Shew et al. (Undated) and Turner et al
(1984b) noted through tunnel studies that net entry rates through
McNary and Bonnevill e dam | adder entrance tunnels were highest
for the deepest (3.4m tunnels. Qher studies indicate that
adult and juvenile salnon tend to spend nost of their tine at or
bel ow one neter of depth (Smth 1974). Bl ahm (1975) concl uded
that shallow water tests were "not representative of all river
conditions that directly relate to nortality of juvenile sal non
and trout in the Colunbia River." |In deep tank tests, sal nonids
exposed to 115% TDG | evel s did not experience significant
nortality until exposure tinme exceeded approxi nately 60 days
(Dawl ey et al. 1976).

t
|

NMFS al so concluded that it was not appropriate as an initial
interimlevel to seek an operation that would result in chronic
exposure to TDG | evel of 120% as recommended by the states and
tribes. In general, chronic exposure to TDG | evel s of 120% w th
hydrostati c conpensati on does not cause significant nortality
until exposure tinme exceeds 40 days (Daw ey et al. 1976). This
is generally nore tine than it takes Snake Ri ver juvenile and
adult mgrants to travel between Lower G anite and Bonneville
dam Neverthel ess, NMFS concl uded that the nore conservative
| evel of 115% i s appropriate because of concerns about the
potential sublethal effects of gas bubble disease. The state and
tribal report on "Spill and 1995 Ri sk Managenent" sunmari zed the
studi es showi ng evi dence that sw mmi ng perfornmance, growh and
bl ood chemi stry are affected by high dissolved gas | evels. The
report correctly states that it is only inferential that these
synptons may result in susceptibility to predation, disease and
delay. |In fact, studies conducted in 1993 and 1994 by the
Nat i onal Bi ol ogi cal Service indicated that juvenile chinook
sal non that have been exposed for eight hours to high TDG (and
exhi biting mcroscopic signs of gas bubbl e di sease) are no nore
vul nerabl e to northern squawfi sh predation than control fish that
had been held in equilibrated water (Mesa and Warren, in review).
Utimately the analysis in the state and tribal report did not
assunme any level of nortality as a result of these subl et hal
effects.

NMFS concl udes that the inpairments to mgrating fish as a result
of the sublethal effects of dissolved gas may be sufficiently
grave to warrant caution in setting |ong term exposure |evels
above 110% In particular, long termexposure to levels in
excess of 110% decrease swinmng ability (Daw ey and Ebel, 1975);
fish stressed with high | evels of dissolved gas have been
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reported to have |l ess swimrng stamna (Dawl ey et al., 1975); and
gas bubbles in the lateral Iine can inpair sensory ability. In
addition, although fish in deep tank studies are | ess affected by
high levels of TDG than fish in shallow tanks, sone nortalities
still occur despite a water depth that is apparently adequate for
protection. There is no evidence that fish can 'sense" TDG
supersaturated water and deliberately sound to conpensate.

At specific projects where specific levels of spill, particularly
daytinme spill have been shown to be detrinental to fish passage,
timng and/or anounts of spill may have to be adjusted (for
specific details see NWS 1994b). Spill nay also be limted at
projects where it can be denonstrated that spill may be
detrinmental to systemspill allocation. One such project is John
Day Dam where very |ow anmounts of spill result in very high TDG
| evel s. These high TDG | evels then limt the anmount of spill
possi bl e at danms downstream For instance, by reducing spill by
10 to 20 kcfs at John Day Dam it may be possible to increase
spill at The Dalles or Bonneville dans by 20 to 40 kcfs. The
exact relationship will need to be devel oped through in-season
spill/TDG testing. The limtation of spill may al so apply at The
Dalles Damto mnimze the passage of spilled flow and fish over
the high predation risk area in the shoals bel ow the dam (see
specific details in NVFS (1994b). The details regarding this

limtation will be decided in-season through consultation with
predati on experts and will |ikely depend on anbient flow and the
spill levels obtainable under the TDG limtations. In 1995,

spill at lce Harbor, The Dalles, and John Day Dans may be

nodi fied to accombdate research activities if NMFS determ nes
that the spill nodifications will not affect the validity of the
transport vs. in-river survival study. These spill operations
should be treated as interimuntil the effects of TDG on

m grating salnonids are nore fully evaluated and until a
spill/transport rule curve can be devel oped. The rationale for
flow targets associated with spill at collector projects is
related to transportation policy and di scussed under neasure 3
bel ow.

M gration over the spillways or through the bypass systens are
the safest routes of passage at the danms. |Injury and nortality
can occur through each route of passage (turbines, spillways, ice
and trash sl uiceways, juvenile fish bypass systens), but |oss
rates via the spillways and bypass systens are low relative to
passage by the turbines. For both spring/sunmer and fall chinook
salnon, nortality of fish passing over the spillways or through

t he bypass systens generally ranges from 0-3% ( Schoenenan et al.
1961; Heinle 1981; Ledgerwood et al. 1990; Raynond and Sins 1980;
Iwanoto et al. 1994). Direct turbine nortality can range from
8-19% for yearling chinook sal non and 5-15% for subyearling

chi nook sal non (Hol nes 1952; Long 1968; Ledgerwood et al. 1990;
lwanoto et al. 1994). Values of turbine and spill nortality are
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not avail able for sockeye sal non. However, it is reasonable to
assunme that these values are simlar to or greater than val ues
for yearling chinook salnon due to size and timng of migration
and due to the greater susceptibility of sockeye to physical
injury and nortality in project passage and handling (CGessel et
al . 1988; Johnsen et al. 1990; Koski et al. 1990; Paranetri x
1990; Hawkes et al. 1991).

This spill programis experinental due to uncertainties about
benefits of transportation of snolts relative to in-river
mgration, as well as uncertainties about the effect of nitrogen
supersaturation on free-swwnmmng fish in the river. G@Gs
supersaturation is a negative effect of spill and the precise
rel ati onshi p between spill |evels and gas bubbl e di sease in
juvenile and adult salnon migrating in the Colunbia and Snake
Rivers is not known. The spill programw || be acconpani ed by an
ext ensi ve physical and biol ogi cal dissolved gas nonitoring effort
(see neasure 16) as well as studies to assess reach survival and
to conpare survival of transported versus in-river mgrants, as
wel | as studies that conpare adult returns fromtransported fish
versus fish that migrate in-river under inproved in-river
m gration conditions (i.e., inproved flows and inproved passage
survival at dans through spill). Ideally a spill program rather
than setting a gas cap across all projects, would be based on a
proj ect - by-project analysis, with the benefits of spill passage
bal anced agai nst the risks of gas bubble di sease at each project.
Such an analysis will require nore information about the TDG
| evel s that result at different |levels of spill at each project,
inrelation to spill at other projects, and nore information
about the | ethal and sublethal effects of creating supersaturated
conditions through the river.

3. The CCE shall transport all fish collected at the | ower
Snake River collector projects unless the TMI recomends

ot herwi se or transportation operations are out of criteria.
Spring mgrants collected at McNary Dam shoul d be returned to the
river after PIT-tag detection.

As i ndicated under neasure 2, spill wll occur at collector
projects at specified flow levels, resulting in fewer fish
collected for transportation. Chinook sal non snolts collected at
the three | ower Snake River transport projects should be
transported, except that when transportation operations are out
of conpliance with criteria established in the COE s Juvenile
Fish Transportation Plan (e.g., longer holding tinmes or higher
densities), fish shall be returned to the river to mgrate until
operations are within criteria. Because transport-to-control 95%
Cl values from 1987 and 1988 yearling chinook transportation
studies from McNary Dam are wi de and val ues for sone groups were
| ess than one, and the nunber of recoveries froma variety of

| ocations was small, NMFS believes there is sufficient
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uncertainty regarding the benefits of transported yearling sal non
to warrant suspending transport fromthat site during the spring.
Spi |l way passage and return to the river of collected fish at
McNary Dam shoul d continue until subyearling chinook predom nate
the daily total chinook collection for three consecutive days.
The TMI may recommend that fish be returned to the river to
m grate under other circunmstances if credi ble evidence is
presented that in-river mgration will be beneficial.
Section IV.A 4 reviews avail able information regarding both the
negative and positive effects of transportation. NWS view has
been that available enpirical data indicate that transportation
benefits Snake Ri ver spring/sumer chinook and is likely to
benefit Snake River sockeye and fall chinook. Accordingly, NWS
has supported transportation of Snake River sal noni ds under nost
conditions. State and tribal analysis, on the other hand,
concludes that there is substantial delayed nortality associ ated
with transportation. This nortality is reflected in the FLUSH
nodeling and results in | ow popul ation projections for recovery
strategies that rely on transportation.

Consistent with this view, nost comrents received fromstates and
tribes during the IDFG v. NMFS discussions favored decreased
reliance on transportation of Snake River juvenile mgrants.

This position was supported by the Power Planning Council’s
recently adopted sal non anendnents. Conversely, other regiona
experts, including NMFS Recovery Team supported a strategy that
relies heavily on transportation.

Based on the information avail able, NMFS continues to concl ude
that transportation has denonstrated benefits for Snake River
spring/ summer chinook and is likely to benefit Snake River fal

chi nook and sockeye sal non. Accordingly, NVMFS has concl uded that
it is appropriate to continue to rely on transportation as a
maj or means to nmitigate the adverse inpacts of the FCRPS. At the
same time, NVFS recognizes the validity of the concerns raised by
the states, tribes and others both about the absolute benefits of
transportation and of its ultinmate efficacy as a recovery tool.
This position is consistent with the reconmendati ons of the peer
revi ew panel that "juvenile transport appears to have the
potential to contribute to recovery of listed stocks,” but that
"[i]ts use should be experinental in the sense that it should be
continually nonitored and evaluated, with an eye to quantifying
the factors that determ ne both transport and river survivals
(Mundy et al. 1994, p. 95-0).

The spill programidentified in neasure 2 is intended to address
state and tribal concerns and those expressed in the peer review

It serves the dual purpose of increasing the nunbers of fish
left to mgrate inriver while at the same tine inproving
survivals of those fish left in the river by increasing spill
Thi s operation should create an opportunity for a transport
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eval uation that conpares adult returns fromtransported fish and
fish mgrating in inproved inriver conditions.

Because it is likely that the benefits of transportation increase
as flow decreases (Mindy et al. 1994), spill is limted to those
years when in-river mgration condi ti ons (primarily flows) are
likely to limt the risk to snolts left to mgrate in-river.

NMFS has identified an average flow of 85 kcfs in the Snake River
during the mgration season as the initial flowlevel to

i npl ement spill at collector dans, thereby increasing the
proportion of mgrants that will mgrate down the river rather
than be transported. A flow of 85 kcfs corresponds to the fl ow
obj ective established in paragraph 1 for desirable in-river
conditions for spring/sumrer chinook. The proportion of fish
left to mgrate in-river is increased when fl ows exceed 100 kcfs
by adding spill at Lower G anite Dam A flow of 100 kcfs
corresponds to the prior "spread-the-risk” policy devel oped by
the fishery agencies and tribes as the appropriate |evel of flow
at which to decrease transportation. It also corresponds to the
top of the sliding scale established by NVFS as a fl ow objective
for the Snake River. This operation is expected to result in
approxi mately 74% of spring/ sumrer chinook juveniles arriving at
Lower Granite Dam being transported at flows over 85 kcfs and 56%
bei ng transported at flows over 100 kcfs.

Spill is not recormended at transport projects during the fall
chi nook m gration period because |ow flow conditions result in
slow travel tine, elevated tenperatures, and increased predation
for mgrating juvenile salnon. Fish collection efficiencies at
the dans are believed to be | ower for subyearling chinook than
for yearlings, and as a result nore subyearlings will pass
through turbines without spill. It is neverthel ess NWS
judgnment that survival of fall chinook salnon snolts will be
sufficiently higher if transported, rather than left in the river
to mgrate, to justify not spilling. (See the discussion of
benefits of transportation in Section IV.A 4.a.)

The spill and transportation operations are intended to be
interim ldeally these interconnected progranms woul d be based on
a rule curve that establishes the relationship between fl ow
conditions, in-river survivals, and the relative benefits of
transportation. Wrk was begun on such a rule curve, but was not
conpleted in tinme for issuance of this Biological Opinion. The

NVFS will establish a workgroup to review informtion obtained
fromthe 1995 spill program and other information and nake
recommendati ons regardi ng the appropriate |evels of spill and

transportation in future years.

4. The CCE shall operate | ower Snake Ri ver pools within one foot
of m ni mum operating pool (MP).
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Operate | ower Snake River reservoirs at MOP from April 10 until
adult fall chinook sal non begin entering the | ower Snake River
(late August), then fill the |ower three pools to allow adult
fishways to operate nore nearly in criteria. Fill the Lower
Granite pool after Novenber 15, after the end of the adult fal
chi nook passage season. Pools may be operated at el evations

hi gher than within one foot of MOP for approved research.

Adult fishways at the upper three Snake Ri ver projects require
greater tailwater elevations than MOP to provide nmaxi mum entrance
gate depths in adult fishways during |low fl ows; however, higher
flows wth reservoirs at MOP will increase tailwater elevations,

t hus i ncreasing entrance depths during the spring.

Drawdown to MOP reduces the cross-sectional area of the
reservoir, increasing water velocity for a given flow. Since
juvenile mgrants travel faster with increased water velocities
(Sins et al. 1983; Berggren and Filardo 1993), drawdown to MOP is
expected to provide faster em gration and i nproved survival

t hrough the pools (NMFS 1995b).

5. The CCE shall operate John Day pool wi thin a one-and-a-half
foot range of mnimumirrigation pool fromApril 20 to Septenber
30, 1995. In addition, the COE wll continue planning, design
and construction to continuously operate John Day pool near MOP
by March 1996 and investigate feasibility to operate John Day
pool to spillway crest.

Qperation at MOP from March through Cctober will be within a
three foot range. Drawdown reduces the cross-sectional area of
the reservoir, increasing water velocity for a given flow. Since
juvenile mgrants travel faster with increased water velocities
(Sins et al. 1983; Berggren and Filardo 1993), drawdown to MOP is
expected to provide faster em gration and i nproved survival

t hrough the pool (NMFS 1995b).

Concerns have been raised that | owering John Day reservoir to

m ni nrum operating pool on a seasonal basis may have adverse
effects on wildlife and other fish popul ations. Accordingly,
John Day pool shall be operated at near-m ni mum operating pool on
a year-round basis (i.e., no nore than three foot fluctuations
Mar ch t hrough Cctober and no nore than five foot fluctuations
Novenber through February). The BPA should also investigate the
use of nearshore and shall ow habitat by juvenile salnon in the
John Day reservoir.

Qperation of John Day reservoir to mninmum operating pool should
occur as soon as possible after March 1996 but only after
appropriate mtigation neasures have been assured. Concerns have
been rai sed that operation at near-m ni mum operating pool wil]l
adversely affect the operation of irrigation punps that draw
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water fromthe John Day pool. The extension of punping
facilities should be undertaken i medi ately by the fastest neans
avai l able. MOP operations will also require fish and wildlife
mtigation actions.

Wth respect to a spillway crest drawdown of John Day reservoir,
NMFS and CCE will devel op a study and inpl enentati on schedul e

t hat addresses other inprovenents bei ng considered at John Day
such as surface collectors, screens, and dissolved gas abatenent
nmeasur es.

The drawdown of John Day pool has been particularly
controversial, with the Recovery Team and ot hers recomendi ng
against it and state, tribal, environnental interests and the
Power Pl anni ng Council supporting it. NWS has included this
provision in its reasonable and prudent alternative because it is
a neasure that provides travel tinme benefits through a reservoir
that is believed to have anong the highest predation levels in
the river. According to COE analysis, a drawdowmn fromMP to MOP
of John Day will decrease water particle travel tinme (WPTT)

t hrough the reservoir of between a half and one and a half days
(Harza 1994). According to analysis conducted by the Council,
this benefit is equivalent, for Snake River mgrants, to

obtai ning an additional 3 MAF of augnentation volunme in the upper
Columbia. Wiile this benefit may appear snmall, NWVFS concludes it
is an inportant conponent in the overall effort to inprove fish
travel tinme through the Colunbia River, particularly in |Iight of
the difficulty and expense of obtaining equival ent vol unes for

fl ow augnentation fromthe upper Col unbi a.

Drawdown of John Day to MOP woul d al so increase the ability of
the reservoir to provide flood control additional to that at
Grand Coul ee. John Day is currently used to provide flood
control in the Colunbia, with storage avail abl e between full pool
and M P of approximately 150,000 acre-feet. Draw ng John Day
down to MOP provides and additional 350,000 acre-feet of storage.
NMFS has al so concluded that it is nost prudent for a MOP
drawdown of John Day to be permanent, rather than have dranmatic
fluctuations in water |evels. The COE concluded, and NMFS
agrees, that permanent drawdown would allow for a stable riparian
| and base for wildlife habitat devel opnent.

6. The COE and BPA shall operate turbines within one percent of
peak efficiency during the juvenile and adult m grati on seasons
(March 15 through October 31 in the Col unbia River and March 15
t hrough Novenber 30 in the Snake River) as indicated in updated
| oad shapi ng gui delines contained in the FPP. These guidelines
wi |l be updated through the consultation process with NVFS pri or
to March 15, 1995.
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Operating turbines at peak efficiency provides the highest
survival of chinook sal non, sockeye sal non, and ot her anadronous
speci es during passage through a turbine (Bell et al. 1981;

Ei cher 1987).

7. The CCE shall maintain fish facilities within criteria
identified in the COE Fish Passage Pl an (FPP).

I nsufficient | adder entrance water depth and i nsufficient
entrance attraction velocity are factors that negatively affect
adult fish passage (Bell 1991). Maintaining fishways wthin
optimumcriteria for passage is likely to reduce dam passage
delays for mgrating salnmon. Adult fish passage facilities at
Snake River projects fail to operate within optimumcriteria a
substantial portion of the time during the adult mgration season
due to MOP operations (CCE 1994). Monitoring adult fishways
frequently and inproving the mai ntenance and repair of fishway
conmponents such as punps, gear boxes, diffuser valves, entrance
gate controls, etc. are expected to inprove system operational
reliability. Facilities should be inspected daily and

mai nt enance and repairs should be conpleted as quickly as
possi bl e. Upgrading existing adult fish passage facilities,

I ncluding (1) automation of control systens; (2) placenent of
staff gauges (for determi ning water elevations) in areas that are
accessi ble for both cleaning and reading, and (3) providing
velocity nmeters in areas of known | ow velocity in the collection
channels will also aid the nonitoring effort and contribute to
mai nt enance of optimumcriteria.

Pendi ng avail abl e funding, a NMFS i nspection biologist will be
assigned for each COE district. The NMFS biologists will inspect
juvenile and adult fish facilities, maintenance activities which
affect fish or fishways, fish nonitoring activities and any ot her
facilities, activities or equi pnment which may affect fish passage
and survival at each CCE project. These NMFS inspections wll
conpl enent nore frequent inspections by COE biol ogi sts and
oper at ors.

Addi ti onal eval uation should include observation of juvenile

m grant condition through periodic sanpling and revi ew of weekly
COE reports sunmari zing the operation of adult and juvenile fish
facilities.

8. The COE shall inplenent neasures to reduce adult fall back
nortality, including installing extended | ength screens and
extending the period during which the juvenile bypass systemis
i n operation.

Fish nortality in turbines is believed to occur by direct strike,

shear, and passage through | ow pressure areas. Screens are the
nost effective nethod of preventing fish fromentering turbine
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i ntakes (Bell 1991). Peak turbine efficiency provides the | owest
fish nortality (Bell et al. 1981; Eicher et al. 1987). Extending
juvenil e bypass system operation throughout the adult mgration
(through Decenber 15) and installing extended-|ength screens
(pendi ng eval uation and rectification of descaling effects on

juveniles) will reduce the nunber of adult chinook and sockeye
sal non fall backs that pass through turbines. This neasure woul d
al so benefit other anadronobus species. Priority units will be

| eft screened during this period to the extent practicable, and
screens fromnnonpriority units will only be renoved when
necessary to begin maintenance. |If units are required for
operation during this period, and are unscreened, they will be

operated on a last on/first off basis.

9. The COE shall begin nodifications to enlarge transport barge
exits by 1996, with conpletion by the spring of 1997.

Modi fications woul d reduce fish crowding and agitation stress
upon rel ease. Release of juvenile steelhead with additional

| evel s of stress has been shown to result in increased hol ding
and increased predation nortality (Poe and Gadonski 1994).

| medi at e Research, Eval uati on and Engi neering Studies to | nprove
Survivals in the Internediate and Long Term

10. The CCE shall conplete necessary feasibility, design and
engi neering work to all ow drawdown of Snake Ri ver reservoirs to
begi n by 2000.

As illustrated in figure one, page ??, by md-1996 the COE wil |
conplete an interimreport which evaluates the feasibility of and
anal yzes the information regardi ng drawdown to natural river
spillway crest, and surface collection. Utilizing this

i nformati on the COE and NVFS wi || deci de on which drawdown option
to carry forward to the engi neering and design (E&D) stage, al ong
with surface collection. E& work on the drawdown alternative
chosen and surface collection should be conpleted by m d-1998,

unl ess NMFS and CCE have agreed to a different E& programwith a
different scope or on a different tine frame. At that tine, the
COE will proceed with selection of the final plan, conpletion of
the feasibility analysis, final NEPA docunentation, and seek
congressi onal authorization in order to ensure that drawdown
and/ or surface collector inplenentation may begi n by 2000.

In order to expedite engineering and design work and | ower costs
NMFS suggests that the COE seek bids and utilize independent
contractors whenever practical. Also, NWMS recognizes that the
COE routinely uses independent contractors to performand revi ew
desi gn and engi neering work. NMFS supports and encourages this
approach for this task
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The NMFS recogni zes there is a practical |limt to the use of
reservoir storage to achieve target flows for inproved survival
of mgrating salnon, particularly in the Snake River, and that
the region nust continue to explore aggressively and inpl ement
additional velocity measures to restore the inriver mgratory
conditions necessary to achieve rebuilding of listed popul ations,
to reduce reliance on transportation of juvenile salnon, and to

i ncrease other salnon runs in the Basin. Accordingly, the COE
and BPA shall, in coordination with NWS, the fishery agencies
and tribes, accelerate as a high priority the necessary

eval uati ons and preparations for reservoir drawdowns on the | ower
Snake River to spillway crest or natural river |evels.

| mpl enent ati on of either natural river or spillway crest drawdown
wi Il take extensive planning, design, and construction tine. |If,
after an interimoperation period, it is determ ned that one of

t hese drawdown alternatives is the only option for recovering
Snake River sal non, interim planning nust have occurred to

achi eve the drawdown condition in tine to affect recovery.

Hence, design and engi neering, feasibility eval uation, NEPA
conpl i ance, and congressional authorization are to proceed in the
interim

Sl ow passage through reservoirs increases exposure tinme of
juvenil e chinook and sockeye sal non (as well as other anadronobus
species) to predation, to higher tenperatures (which increase the
predation rate and susceptibility to disease) and to other water
quality problens. Turbine nortality has been clearly docunented
(Iwanmoto et al. 1994; Hol nes 1952; Shoenerman et al. 1961), as
well as lower rates of nortality for fish passing via spillways
and bypasses (Ledgerwood et al. 1990; Shoeneman et al. 1961;

Hei nl e 1981). Decreased travel tinme associated with drawdown is
expected to result in increased survival of juveniles through
reservoirs. Natural river drawdown would elimnate nortalities
associated with reservoir passage as well a wi th dam passage

(al though there would still likely be nortalities associated with
passage through the free flowing river). Internediate |evel
drawdowns, such as spillway crest, will likely decrease juvenile
travel tinme to sone extent due to reduced reservoir cross
section, however, passage at the damwould still be of concern
for both juveniles and adults (NWMFS 1995c).

Reservoi r drawdown must be evaluated in a sequential, scientific
manner. The first step nust be to collect baseline survival data
for juveniles as they mgrate through the present reservoirs and
danms on the | ower Snake River. These baseline estinmtes would

i ncrease the scientific know edge base of the relative inportance
of all factors affecting juvenile survival. This information
will help to determ ne the benefits achi evabl e t hrough drawdown.
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The feasibility eval uati ons and NEPA docunentati on shoul d address
potential adverse effects associated with either drawdown
alternative, such as NMFS concern with juvenile and adult
passage at the danms with internediate | evel drawdowns, or

sedi ment di spersal, predation, and other ecol ogical inpacts to
juvenil es during passage under drawdown conditions.

The state fisheries agencies and tribes, as well as the Power

Pl anni ng Council, reconmend i mredi ate drawdown of Snake River
reservoirs to near spillway crest, beginning with Lower Granite
Dam and proceeding to Little Goose. NMS has not chosen this
option at this tinme because of the concerns about passage and

ot her problens associated with a spillway crest operations and
because of concerns about the ability of a spillway crest
drawdown to achi eve nmeani ngful biological benefits. NWS
concerns about passage problens are detailed in NVMFS (1995c) and
i ncl ude such things as dewatering of juvenile bypass and
collection facilities, gatewell entrainnment and injury, inmnpaired
turbine efficiency, dewatering of adult fish |adders, |ikely poor
performance of surface collectors due to decreased di stance

bet ween the coll ectors and turbine intakes, and riparian inpacts.

NMVFS is al so concerned about whether the potential benefits of
either a spillway crest or natural river drawdown are sufficient
to obtain survival inprovenents that will contribute adequately
to the recovery of |isted stocks, or that will be greater than
survival s obtainable through transportation. GCenerally the ELCM
nodel i ng shows the greater |ikelihood of achieving survival and
recovery goals. The achievenent of these goals, however, depends
upon the assunption that delayed nortality of transported
juvenil es approaches 50 percent. |If that assunption is wong,
drawdowns could be entirely the wong strategy, especially
spillway crest drawdown. For this reason, NMFS concludes it is
reasonable to first test whether there is |ikely del ayed
nortality through transport eval uation and reach survival

st udi es.

The approach outlined here is consistent with that recomrended by
t he i ndependent engi neers’ review of Phase | of the COE' s System
Configuration Study (Harza 1994). In its report, Harza

concl uded:

Before opting for the natural river alternative, the
Comm ttee shoul d consider drawdown to be a two-step deci sion

maki ng process. First, Phase |l studies on drawdown shoul d
be continued to devel op prelininary designs for basic
bui | di ng bl ocks of drawdown . . . Concurrently, a

prot ot ype surface-oriented smol t col | ection system shoul d be
desi gned, constructed, and tested at Lower G anite Dam

Bi ol ogi cal testing woul d i ncl ude nonitoring of snolt travel
time through the reservoir and fish guidance efficiency of
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the collector. |If the surface collector failed to inprove
snolt passage conditions sufficiently to neet regional
expectations, the next step would be to shift attention back
to the remai ning drawdown al ternatives. (Harza, p. 23.)

11. The CCE shall investigate the application of surface
col l ection technol ogy at | ower Snake and Col unbia River projects.
Testing will begin at Ice Harbor and The Dalles Dans in 1995.
Prot ot ype surface collectors should be designed and tested at
Lower Granite and The Dalles Dans by June 1996. These tests
shoul d i ncl ude eval uati ons of surface collection at powerhouses
and spillways to determne the effectiveness and safety in
passi ng juveniles.

The CCE will investigate the application of surface collection
passage systens at the |ower Snake and Col unbia River hydropower
proj ect powerhouses and spillways to determ ne the effectiveness
and safety of these systenms in passing juvenile salnmon. The
eval uation of surface collection is an integral conponent of the
decision path for the | ower Snake River hydropower system which
is detailed in Figure One, and explained in the preceding
nmeasure. Testing is scheduled to begin in Spring 1995 at Ice
Har bor, and Sunmer 1995 at The Dalles Dans, and will continue at
The Dalles Damin 1996. A prototype surface collector will be
designed and tested at the Lower Granite Dam power house and
spillway in 1996. |If testing in 1995 and 1996 i ndi cates that
surface collection is effective at conventi onal powerhouses, the
COE will expedite scheduling to begin testing at John Day

power house in 1997 or as soon as possible. NWS will work
closely with the COE in a coordi nated manner to revi ew and
provide input to all surface bypass investigations.

12. The CCE shall begin investigations to i nprove FCGE at the
Bonneville first powerhouse.

Subyear | ing chi nook sal non gui dance at the first powerhouse
during md-sumer averaged 11.0% in 1988 (CGessel et al. 1989) and
4.4%in 1989 (Gessel et al. 1990). Recent yearling chinook

gui dance averaged 31.7 to 46.5% (Monk et al. 1992). Turbine
nortality can range from 11-15% for subyearling chi nook sal non
(Hol mes 1952; Shoenenan et al. 1961) and 8-19% for yearlings
(Iwanmoto et al. 1994; Long 1968). Inprovenent in guidance is
needed to increase survival of juvenile m grants passing
Bonnevi | | e Dam

13. The BPA, CCE and BOR shall participate in a coordinated
effort wwth NMFS, | SP, NPPC, Hydropower Managenent Work G oup,
and states and tribes to devel op a conprehensive nonitoring,
eval uati on and research program
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The dramatically different approaches to Snake and Col unbia Ri ver
sal non recovery are based on different beliefs about what happens
to fish in the system These different views are sunmari zed

el sewhere in this docunent and are reflected in the regional life
cycle nodels. Wthout a conprehensive program of nonitoring,

eval uation and research, it is unlikely that these differences
will ever be resolved or that we will have information that wl|l

| ead to recovery.

Such a program should first seek to identify the najor and
subsi di ary hypot heses underlyi ng assunptions about the causes of
decline and i npedinments to recovery of Col unbia Basi n sal noni ds.
These should be in the formof alternative testable hypotheses.
The program shoul d then include the research that can be
performed to test these hypotheses, as well as the nonitoring,
eval uati ons and anal yses that can supplenment the research. This
approach was taken by the Council in 1994 when it devel oped fl ow
and transportation hypot heses.

The NMFS' Recovery Plan for |isted Snake River sal non establishes
a regional structure to nmanage the recovery of these stocks which
can be used for purposes of overseeing this program The initial
st eps, however, can be undertaken i medi ately. The NMFS intends
to begin inmediately working with regional experts and managers
to develop this program Mnitoring, evaluation and research
prograns shall include the foll ow ng:

a. The existing snolt nonitoring program coordi nated by the

Fi sh Passage Center. Mnitoring for fish condition is necessary
in order to detect and rectify juvenile fish passage facility
probl enms that can descale, injure or kill fish. Sanpling
capability is also required for approved nonitoring prograns and
research designated in this biological opinion

b. The BPA shall proceed with eval uati on of whether the nunber
and timng of migrating juvenile salnonids affect avail able prey
resources in the Colunbia River and its estuary. Sinmenstad et
al. (1982) stated that nassive hatchery rel eases of sal nonid
snolts may deplete estuarine food resources. This potential
consequence could lead to reduced ocean survival of |isted
salnon. This was identified as a possible problemin the

Col unmbi a River estuary (Bottom and Jones 1990). Miir (1990)
found the nunbers of invertebrate drift in the Colunbia River
were lowin early April when many sal nonid hatcheries rel ease
their fish.

C. The BPA, BOR, COE shall investigate the relationship between
the amount and timng of Colunbia R ver flows and ocean survival
of salnmonids. Francis et al. (1989) observed that timng and
magni tude of the Colunbia River peak flow and the resulting
structure of its plume nay have najor effects upon Col unmbia River
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sal nonid production. The Fraser River plume, which is simlar to
t he Col unbia Ri ver plunme, has enhanced concentrations of
nutrients, zooplankton, and sal non prey conpared to adjacent
marine waters (St. John et al. 1992).

d. The BPA, COE and BOR shall cooperate in investigations of the
rel ati onshi p between fluctuations in estuarine and ocean

envi ronnment and sal non abundance. Natural nortality in estuarine
and ocean environnments cannot be predicted with any precision
because ecol ogi cal relationships and stochastic perturbations
(e.g., ElI Nifio) are poorly understood. This information is

crucial to better defining human induced mortality and

appropriate resource management.

e. The BPA, COE and BOR shall cooperate in investigations of
environmental requirements of juvenile salmonids in the estuary
and nearshore ocean. Environmental conditions in the Columbia
River estuary and nearshore ocean environments are factors that
influence survival of juvenile salmonids. It is vital to

determine what these environmental conditions are and how they
interact to affect natural survival and stock distribution in the
ocean, how they vary from year to year, and how survival and
distribution relate to measurable parameters of the ocean
environment (e.g., temperature, upwelling, etc.).

f. The BPA shall evaluate juvenile survival during downstream
migration and desired levels of flow augmentation. The NMFS, in
cooperation with other agencies and entities, shall formulate
long-range survival studies to determine within-year and between-
year survivals of smolts migrating through reservoirs and past
dams with various flows, spills, and bypass configurations.
Studies will relate survival to varying river flows, spills, and

dam operations. As an offshoot of the research, studies will be
designed to update or confirm relationships of migration rates of
fish to flow in the river. Further, where feasible, researchers

will determine relationships of fish survival to migrational

timing.

g. The NMFS, in consultation with BPA, COE, BOR and state
agencies and tribes, shall design a study to evaluate the
effectiveness of "pulsing"” flows for improving in-river survival

of smolts. Collection at dams of juvenile, migrating salmon,
particularly yearlings, has been shown to increase with an
increase in project flows, thereby decreasing travel time (Achord
et al. 1995a, 1995b). However, fish travel time vs flow
relationships through multiple dams and reservoirs indicate that
pulsing of flows may result in increased average reach travel
times for juvenile salmon when compared to steady flows (the
decrease in flows between pulsing may increase fish travel time
more than an increase in flows during pulsing decreases fish
travel time) (Figure 22, FPC 1988). Potential, overall survival
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benefits to juvenile mgrants frompulsing flows is unknown. The
BPA, CCE and BOR shoul d cooperate in carrying out such studies.

h. The BPA shall investigate the effects of the intensified
conpetition for food resulting fromthe introduction of non-
native species and production of hatchery fish in the Col unbia
Ri ver Basin. American shad were introduced into the Col unbia
River in the 19th century. Dans have inundated natural barriers
and all owed shad to expand their range into the m d-Col unbia and
Snake Rivers (Bevan et al. 1994). The diet of juvenile shad may
overlap with that of juvenile salnon, and adult shad nmay prey
upon juvenile salmon (Wendler 1967 in Bevan et al. 1994; Ml er
1994 in Bevan et al. 1994; MCabe et al. in Bevan et al. 1994).
Hat chery- produced sal noni ds conpete for food with naturally-
produced fish, and may serve to bol ster predator popul ati ons by
providing a food source (Bevan et al. 1994). Alternatively,

hat chery- produced sal noni ds may al so buffer predation because
predators are opportunistic and may sel ect weaker hatchery fish
over wild fish. Juvenile shad sonetines di srupt the collection
and transportation of juvenile sal nonids because of their
overwhel m ng nunbers (D. Hurson, fishery biologist, COE, Novenber
9, 1994, pers. comm). Adult shad may al so del ay the passage of
adult sal non through fishways at danms (Chapman et al. 1991 in
Bevan et al. 1994).

14. The BPA shall continue studies of predator control.

Nort hern squawfi sh, small nmouth bass, channel catfish, and wall eye
are inportant predators of juvenile salnon (Poe et al. 1991;
Tabor et al. 1993). Common nergansers, gulls, terns and ot her
bi rds al so consune juvenile sal nonids (Meacham and C ark 1979 in
Bevan et al. 1994; Ruggerone 1986 in Bevan et al. 1994; Bevan et
al . 1994; Wod 1987). Predator control efforts to date have
focused on renovi ng northern squawfi sh fromthe Snake and
Col unmbi a Rivers, evaluating the behavior and distribution of
predators in damtailrace areas, and limting avian predation by
stringing lines across tailrace areas where juvenile sal nonids
that may be di soriented from dam passage are vul nerabl e.

To date there is no indication that squawfi sh renoval efforts
have resulted in decreased nortality of juvenile sal non mgrants.
The effects of squawfi sh renoval, including possible
conpensati on by other predatory fish, should be thoroughly

anal yzed. The effects of predation by other fish and by birds at
dans al so need to be exam ned.

15. The CCE shall proceed with studies that will result in
i nprovenents in fish passage at mai nstem dans to support sal non
snolt-to-adult survival ratios that foster |ong-term popul ation
grow h. The interimperformance objective for these bypass
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i nprovenents is an 80% fish passage efficiency and a 95% passage
survival at each dam

The NMFS and ot her fishery agencies should explore the
feasibility and conduct, where appropriate, |aboratory and field
research to devel op new neans to collect and/or bypass juvenile
mgrants so as to avoid turbine related nortality at dans.

Studi es shall include but not be limted to the foll ow ng:
1. A re-eval uation of existing snolt bypass systens.
2. Eval uati on of new or nodified juvenile fish bypass

systens at danms to ensure that they function properly.

3. Laboratory and field studies to devel op new neans to
col |l ect and/or bypass juvenile mgrants so as to avoid
turbine related nortality at dams. These efforts m ght
i nvol ve devel opnent of upstream collectors not directly
connected with dans. Studies should consider the use
of extended-turbine-intake screens, surface collection
facilities (see #11), sonic or other behavioral
nodi fyi ng gui dance of snolts into bypass routes, and
state-of-art delivery systens fromforebay to tailrace.

4, Studi es to devel op better methods for counting the
nunber of fish in the bypass and hol ding systens at the
dans.

At dams, injury and nortality can occur through all routes of
passage (turbines, spillways, ice and trash sl uiceways, juvenile
bypass systens, etc.). However, nunerous studies have docunented
that nortality through turbines is usually higher than other
routes of passage. Screens that guide juvenile fish into bypass
systens away from turbi ne passage have been installed at seven of
t he ei ght nmmi nstem dans that Snake River sal non nust pass. Al so,
limted spill is provided at dans wi thout screened bypass
systens, or with inadequate bypass systens, to provide an
alternati ve passage route and decrease the nunber of juveniles
passi ng through turbines.

16. The BPA, COE, and BOR shall participate in the devel opnent
and i nplenmentation of a nonitoring and eval uati on programto

i nvestigate the effects of dissolved gas supersaturation. This
programw || include the physical and bi ol ogi cal nonitoring
conponents of a dissolved gas nonitoring plan devel oped by the
NMFS in consultation with the COE, BPA, BOR FW5, and NBS prior
to March 10, 1995.

At a mninmum the physical nonitoring conponents of this plan

wi Il include placenent of physical dissolved gas nonitors in the
tailraces and forebays of all Lower Snake and | ower Col unbia
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Ri ver danms, and daily recording of dissolved gas data on the
CROHMS dat abase. This programw || also include a quality
assurance and control conponent including backup nonitors at as
many | ocations as possible, weekly calibration of dissolved gas
noni toring equi pnent, an error checking, correcting and recording
function for CROHVS data and conprehensive transect neasurenents
of dissol ved gas between each project and bel ow Bonnevill e Dam

At a mninmum the biological nonitoring conponents will include
snolt nonitoring at all snolt nonitoring |ocations by the NBS,
snolt nonitoring at sel ected forebay |ocations, adult nonitoring
at Bonneville and Lower Granite dans, river reach sanpling and in
situ bi oassays bel ow | ce Harbor and Bonneville dans, sal nonid
distribution nonitoring and daily data collection and reporti ng.

NMFS and EPA will establish a technical work group conprised of
techni cal representatives fromall the state and federal and
tribal governnents that share responsibility for managi ng water
quality and fisheries in the Pacific Northwest to prioritize

| ong- and short-termresearch and provide a forumfor the
techni cal -1 evel discussion of all aspects of dissolved gas
nonitoring and eval uati on.

This programwi |l al so include devel opnment of nethods to avoid

| oad distribution situations that result in excessive spill

| evel s and resultant dissolved gas |evels in excess of seasonal
dissolved gas |imts. In 1993, unexpected high runoff conditions
and | ow | oad demand conbined to create high spill levels at | ower
Snake River dans resulting in peak hourly dissolved gas levels in
excess of 140%

Di ssol ved gas supersaturation caused by | arge vol unes of water
spilling over dans can result in injury or nortality for juvenile
sal non. Since the 1960s, increased hydraulic capacity at

power houses of mmi nstem projects, increased storage of water, and
structural nodification to spillways have substantially reduced
this problem However, high levels of dissolved gas have been
neasured under certain river conditions in recent years.

Evi dence of significant injury or nortality of |arge nunbers of
fish has been | acking for both adult and juvenile fish. Studies
shoul d be conducted to determ ne the magnitude of nortality
associ ated with dissol ved gas supersaturation under conditions
fish presently encounter in the mgration corridor such as
determning the nortalities to in-river juvenile salnon snolts
and resident species under various proposed | evels of atnospheric
gas supersaturation limts in the Snake and Col unbia R vers.

St udi es shoul d i nclude eval uation of sublethal effects, which can
conprom se the ability of snolts to survive in the | ower river
and estuary.
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17. The BPA shall participate with NMFS in activities to
coordi nate the regi onal passage and life cycle nodels and to test
t he hypot heses underlying those nodel s.

In 1994 NMFS and BPA jointly funded a programto coordi nate and
review the different regional life cycle nodels. This effort
shoul d continue in 1995 and beyond, but the enphasis should shift
to anal yses that test the different assunption underlying the
nodel s rather than refine our understanding of how the nodels are
different. NMS concl udes the recomendati on of the review group
to conduct a Bayesi an anal ysis shoul d be pursued (Barnthouse et
al ., 1994).

Such an anal ysis could be pursued using the services of the

exi sting review group and the existing facilitator. The current
nodel i ng technical group (ANCOOR) coul d provide technical support
to the effort, but the analysis itself should be done by an

i ndependent contractor. NWMFS and BPA shoul d continue to fund
this effort.

| nternedi ate Term Actions to | nprove Survivals

18. The CCE shall develop and i npl enment a gas abat ement program
at all projects with appropriate structural nodifications. The
program shall include stilling basin and spillway nodifications
to reduce gas supersaturation at |Ice Harbor and John Day Dans as
soon as possible, contingent on the results of facility gas

abat enent evaluations in 1995 and 1996. The COE shal

i nvesti gate operational nethods that hel p reduce dissolved gas

| evel s (such as spill bay discharge |levels and patterns) in 1995
and inplenment the results in 1996.

Ni t rogen gas supersaturation caused by the entrai nment of gases
fromthe deep plunging of water spilled at dans can cause passage
del ays, blindness, and nortality in adult mgrants (Bjornn and
Peery 1992). Reduction in supersaturated gas |evels by nodifying
spillways and stilling basins will increase passage success and
reduce nortality. Shifting of generation to neet power system
dermands is a viable nmeans to address high di ssol ved gas | evels
frominvoluntary spill.

Spill deflectors (flip lips) are present on five of the eight

mai nstem f ederal dans on the Col unbia and Snake Rivers and are

i mportant in reducing | evels of gas saturation. Mdifications to
stilling basins at other nminstemdans may al so help to reduce
gas levels during periods of spill. These gas abat enent

i mprovenents shoul d be designed to be effective under a w de
range of flow and operational variables. See action 2 (spill)
for discussion of spill benefits for juvenile fish.
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19. The CCE shall continue the schedul ed installation of
extended- | ength screens at Lower Granite and Little Goose dans
for the 1996 m gration season, and at McNary Dam for the 1997
season, and |ater potential installation at Lower Mnunental and
Ice Harbor to inprove survival of sumer mgrants. Conduct
schedul ed prototype testing of extended | ength screens and
prototype vertical barrier screens at Little Goose and Lower

G anite Dams in 1995.

Ext ended- | engt h screens and structural inprovenents to inprove
bul khead gatewel | hydraulics, should be progranmed at |ce Harbor
and Lower Mnunental contingent upon results of prototype testing
of screens at Little Goose and Lower G anite Dans, and results of
surface collection prototype tests.

20. The CCE shall identify a preferred plan for inprovenents to
the Lower Granite juvenile facility by August 1995. |nplenment by
1997 or as soon as possible thereafter, pending results of
surface collection evaluations at Lower Granite in 1996.

The CCE shoul d coordinate closely with NMFS and ot hers t hroughout
this plan devel opnent. At a mninmum inprovenents for
consideration should include elimnation of the existing
downwel |, addition of a primary dewatering structure, open-
channel fish transportation flume, capability for separation of
juvenile fish by size, and inproved direct-1loading. Design

t hrough pl ans and specifications for inprovenents should be

conpl eted so that construction may begin pronptly pending results
of prototype surface collection tests in 1995 and 1996.

21. The COE, pending evaluation that includes an analysis and
determ nati on of descaling incidence and the results of screen
prototype tests, and surface collection, shall install extended
| engt h screens at John Day Dam by April 1998.

Fi sh gui dance efficiency (FGE) for subyearling chinook sal non at
John Day Damis approxinmately 35% (Brege et al. 1987). The FGE
for extended | ength screens was substantially higher than for
standard | ength screens during testing at McNary Dam (Brege et
al. 1992; McConms et al. 1993). Hi gher FGE will inprove survival
of downstream mi grants at John Day Dam by gui di ng additi onal
juvenile mgrants out of turbines.

22. The CCE and BPA shall expedite installation of new juvenile
sanpling facilities, including PIT-tag detectors, to be conpleted
as soon as possible, but not [ater than 1997 at John Day Dam and
by 1999 at Bonneville Dam The BPA shall investigate interim
PIT-tag detectors for installation at Bonneville Dam by spring
1997.
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New facilities are needed to provide periodic, representative
fish sanpling capability for prevention of fish injury during
passage through juvenile fish passage facilities. New facilities
are al so needed to incorporate PIT-tag capability, which wll
provide the ability to evaluate recovery actions. Evaluations of
I n-river survivals and actions to inprove those survivals are

hi ndered by the lack of PIT tag detection capability in the | ower
Colunmbia River. The COE and NWFS had devel oped a programto
install PIT-tag detectors at Bonneville Dam by 1998. That plan,
however, involved use of an interimbypass outfall. The NWS
concl uded that such an outfall would create worse conditions than
those that exist now. The NWVFS, therefore, agreed to a schedule
for an entire new juvenil e bypass by 1999. Unfortunately, this
delays COE's ability to have full-scale PIT-tag detectors in

pl ace by 1998.

23. The CCE shall relocate the permanent downstream m grant
outfalls at Bonneville Dam by spring 1999.

Passage survival tests at Bonneville Damindicate that tailrace
predati on may be substantial (Ledgerwood et al. 1990). Northern
squawfi sh are nmjor predators of juvenile salnonids in the

Col unmbia River Basin. Results of sw mm ng perfornmance tests

i ndicate that high water velocities may exclude or reduce
predati on by northern squawfi sh due to their inability to hold
position (Mesa and O son 1993). Relocating downstream m grant
outfalls to areas of higher water velocity and away from
shoreline areas where squawfi sh nay take refuge is anticipated to
i ncrease the survival of juvenile mgrants.

24. The CCE shall continue conprehensive design of the
conventional juvenile bypass system (submerged screens) at The
Dal | es Dam and conpl ete installation by 1999, depending on the
results of prototype surface collection testing in 1995.

Direct turbine nortality can range from 8-19% for yearling

chi nook sal non and 5-15% for subyearling chinook sal non (Hol nes
1952; Long 1968; Ledgerwood et al. 1990; Iwanoto et al. 1994).
Juveni |l e bypass nortality, excluding outfall nortality, generally
ranges from <1-4% (Ceballos et al. 1993). The nortality of
juvenile mgrants is expected to be reduced at The Dal | es Dam by
guiding juvenile mgrants out of turbines. Follow ng prototype
testing, a decision should be nade in 1995 as to whether to
continue with the devel opnent of a surface collection system
and/or to proceed with the design and installation of subnerged
screens.

25. The COE, in consultation with NWS, shall determne in 1995
t he nunber and size of additional juvenile transportation barges
needed to provide direct-loading capability fromall four
transport dans with an ongoing spill program and purchase new
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barges annual |y, beginning with a m nimum of two new barges in
1997, with phase in to be conpleted by 1999.

First priority should be on inplenenting capability for direct-
| oading fromLower Granite and Little Goose Dans. Additional
barges are required for direct-loading of juvenile fish at
transportation projects. Direct-loading renoves the stress

i nduced by crowdi ng and | oading fish fromraceways.

26. A process shall be established to review progress on

pl anni ng/ engi neeri ng studi es, and/or collection of research data,
and make appropriate nodifications to the measure or schedul e
where a neasure is contingent upon conpletion of these studies.
The process shall include periodic neetings between the
appropriate action agency and NMFS, and woul d docunent any change
i n schedul e or neasure based upon avail able scientific

i nf or mati on.

27. The BPA, CCE, and BOR shall each review any prospective
agreenent, plan, or contract ("prospective agreenent”) used to
plan for the operation of or actually operate the FCRPS to

I npl enent the reasonabl e and prudent alternative actions,
reasonabl e and prudent neasures, and terns and conditions
("actions or neasures") set forth in this opinion. |If a proposed
agreenent has provisions that go beyond inplenenting the actions
or neasures, the agency proposing to make such an agreenent shal
keep NMFS infornmed as it determ nes whether the proposed
agreenent "may affect” |isted Snake River salnon in a nanner or
to an extent not considered in this opinion. (See discussion in
Part | X below.) If so, the action agency shall consult wi th NWFS
(possibly by reinitiating this consultation) on the proposed

agr eenent .

B. Anal ysi s of Why Adoption of the Reasonabl e and Prudent
Alternative Is Not Likely to Jeopardi ze the Listed
Speci es

Section |.B and the introduction to Section VII describe the

anal ysis NMFS uses to determ ne whether biological requirenents
of listed species are likely to be net. Section VIl also

di scusses the analytical tools NVFS will use to determ ne whet her
an action jeopardi zes the continued existence of |isted species,

i ncludi ng the passage and life cycle nodels and NVFS vi ew of how
they may best be used. NMFS concludes that the reasonabl e and
prudent alternative does not jeopardize the continued existence
of listed Snake River stocks.

The reasonabl e and prudent alternative establishes an interim
operation during which conditions are inproved i medi ately for
fish, alternative long term paths are established for ngjor
reconfigurations of the hydropower dans, and intensive
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experinmentation, nonitoring and evaluation are to occur. The
long termalternatives include: Option 1 - inplenentation of
passage i nprovenents at danms, such as surface collectors, that
significantly inprove bypass and/or collection efficiency; Option
2 - inplenentation of a spillway crest drawdown at the Snake

Ri ver projects; Option 3 - inplenentation of a natural river
drawdown at the Snake Ri ver projects.

The reasonabl e and prudent alternative aggressively pursues

i mprovenents in survivals of both inriver mgrants and
transported fish. The interimoperation inproves the |ikelihood
that the right path will be chosen for a long termoption, while
mnimzing the risk that the wong path will be followed in the
interim

Anal yses conducted by NMFS, including anal yses of the species
entire life cycle, indicate that the reasonabl e and prudent
actions will contribute to the survival of the listed stocks and
to their recovery once nmgjor structural nodifications are

i npl emented. Species’ biological requirenments are likely to be
nmet in the mgratory corridor only if there are nmjor structura
nodi fications to the FCRPS that result in significant surviva

i nprovenents. Both surface collectors and natural river drawdown
are likely to result in significant survival inprovenents, as

m ght spillway crest drawdowns if passage issues can be resol ved
and assunptions about travel time are correct.

I n addi tion, NMFS concludes that the actions described in Section
VII1.A represent reasonabl e and prudent actions. The discussion
under each of the major actions in Section VIII.A identifies
alternati ves exam ned by NVWFS and the consi derations that |ed
NMFS to conclude that the alternative chosen was reasonabl e and
prudent. NMFS believes that under the reasonable and prudent
alternative, the action agencies will be taking all reasonable
nmeasures With respect to the FCRPS to reduce nortalities to

| i sted speci es.

NMFS concl udes that the reasonable and prudent alternative does
not jeopardi ze the continued exi stence of spring/sumrer chi nook
because: 1) the reasonable and prudent alternative is likely to
have positive results under either set of hypotheses; 2) the
maj or nodifications contenplated in the reasonabl e and prudent
alternative will result in significant survival inprovenments; 3)
t he nodeling of the reasonable and prudent alternative suggests
that stocks are likely to remain above survival |evels and
nodel i ng of conparabl e managenent strategi es denonstrates an
acceptabl e probability of recovery once the correct |long term
pat hway has been chosen; 4) the reasonabl e and prudent
alternative provides a pronpt but reliable schedule for
conpleting the major nodifications required of the system under
either of the alternatives; 5) the reasonabl e and prudent
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alternative mnimzes the risks of catastrophic consequences if
the wong set of hypotheses are enbraced; and 6) inplenentation
of this reasonable and prudent alternative will nmean that the
action agencies are taking all reasonabl e nmeasures with respect
to the FCRPS to reduce listed salnon nortalities.

The reasonabl e and prudent alternative proposed by NVMFS affects
all three listed Snake River salnobn. As noted, it establishes an
interimoperation with a decision being nmade by the year 1999 on
a long termoperation: surface collectors (which my be
associated with either full pools or pools drawn down to spillway
crest), or drawdowns to either natural river or spillway crest.
NMFS requested the nodeling groups to nodel the interimoperation
with each of the long termoperations. The details of the
assunptions used in nodeling are described in NVFS (1995d).

NMFS requested nodeling of the draft version of the reasonable
alternative contained in the January 25 draft biol ogical opinion
and received prelimnary results of nodeling between February 15-
22. Final analyses are still in progress, but NMFS nust use
currently available infornmation to conplete the 1995 Qpinion in a
timely manner. The nodeling results NMFS had as of February 22,
1995 represent the best information available to NMFS regardi ng
nodeling. Details of the results are included in NVFS (1995d).
NMFS al so considers relevant the results of nodeling of the 1994-
98 BI OP scenario, discussed in section |IV.B (1994 BIOP), and
results of nodeling of the state and tribal proposal in the
Detail ed Fishery Operating Plan (DFOP) described in NVFS (1995d).

DFOP scenari os nodel ed included a spillway crest drawdown (DFOP-
1) and a natural river drawdown (DFOP-2).

The reasonabl e and prudent alternative Options analyzed by the
nodeling teans are not the sane in all details as the final
reasonabl e and prudent alternative adopted by NMFS because
changes were made to the alternative after consideration of
coments received. Neither of the nodeling groups had tinme to

i nclude all nodel sensitivities, so there is a fairly narrow
range of assunptions incorporated in the nodeling analysis
avai l able. The state and tribal nodeling group (STFA) did not
have tine to nodel all of the long termscenarios. NWVS used the
results of the nodeling as it did in analyzing the proposed
action -- as a guide to expected popul ation trends under a
particul ar nanagenent strategy rather than an absol ute indicator
of probabilities. Because the nodeling was inconplete, even
greater caution should be used in interpreting the results.

1. Spri ng/ Sunmer Chi nook
Based on its best professional judgnent, NMFS concl udes that

under the reasonabl e and prudent alternative, in conjunction with
ot her inprovenents in the life cycle of the listed stocks, the
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bi ol ogi cal requirenents of the spring/sumrer chinook are |ikely
to be net.

The val ue of the strategy pursued in the reasonabl e and prudent
alternative is that it inproves the |ikelihood that the right
path will be chosen for a long termoption, while mnimzing the
risk that the wong path will be followed in the interim For
exanple, in order for natural river drawdown to neet the species
bi ol ogi cal requirenents, an assunption nmust be made that
transport survival is only 51 percent and there is a strong
positive relationship between flow and survival. Conversely, in
order for the 1994 BIOP scenario to neet the species’ biological
requi renents, an assunption nust be made that transport survival
is 54-95 percent and that there is a weak rel ati onshi p between

fl ow and survival. Because the reasonabl e and prudent
alternative is likely to achieve survival in the near term it is
likely that a five year period for generating better scientific

i nformati on on the conpeting hypot heses prior to comrtting to
one or the other strategy will not pose unacceptable risk to the
species. NMFS also believes that the tinme frame to inplenent the
|l ong termoptions of the reasonable and prudent alternative is a
realistic and responsi bl e one.

The reasonabl e and prudent alternative naxim zes the ability to
gather information to make a long termdecision. It is an
adapti ve managenent approach, which includes nonitoring and

eval uati on and adj ustnent of operations as new information is
devel oped. NMFS therefore concludes that this approach is likely
to lead ultimately to an understandi ng of the conbination of
managenent actions necessary to determ ne which of the long term
nmeasures to pursue. This is consistent with NVFS view that it
woul d not be prudent to rely solely on the results of one set of
nodel i ng of one managenent scenario to reach a conclusion of no

j eopar dy.

NMFS recogni zes that if one set of key assunptions ultinately
proves correct, using the best science available, then its
decision to retain several options in the interimperiod wll
result in sonme elevated | evel of nortality as conpared with an
approach that places conplete reliance on the "right" path

i medi ately. Neverthel ess, NMFS believes that accepting the
mar gi nal increased risk is prudent, particularly given the
consequences of pursuing the wong approach. |f transport
survival is high, the reasonabl e and prudent alternative wl|
result in reduced survival during the interimoperation because
fewer fish are being transported than under the operation
proposed by the action agencies. NWS considers this trade-off
accept abl e because of the risk that transport survival may be

| ower than believed and because life cycle analysis indicates
that spreading the risk will not result in an unacceptably | ow
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| i kel i hood of survival in the short termeven if the "high
transport survival" hypothesis is correct.

The survival inprovenents that are anticipated to result from
maj or structural inprovenents called for in the long term Options
of the reasonable and prudent alternative also contribute to the
conclusion that this alternative will contribute to the surviva
and recovery of the listed stocks. Passage inprovenents at dans,
such as surface collectors, can increase fish passage efficiency
fromcurrent |levels of 45-77%to as high as 80% These passage

i nprovenents will result in fewer fish passing through turbines,

i mproving inriver survival significantly, or inproving collection
efficiency, which will increase the nunber of fish receiving
transportation benefits. Natural river drawdown woul d conpletely
elimnate nortality associated with both reservoir and dam
passage.

Results of life cycle nodeling also tend to support a concl usion
that the reasonable and prudent alternative is likely to result
in the species’ biological requirenents being net. Both life
cycle nodels indicate that there is a high |ikelihood, under
certain assunptions NVFS consi ders reasonable, that the surviva
goal s described in NMS (1995a) will be nmet if the reasonable and
prudent alternative is inplemented. In addition, both nodels’
anal ysis of alternate scenarios proposed by other parties (1994
Bl OP and DFOP-2), and which are contenplated by the long term
options of the reasonable and prudent alternative, indicate that
there is a high likelihood that both the survival and recovery
goals will be net.

FLUSH ELCM nodel ing of Option 1 indicates that, under certain
assunptions consi dered reasonabl e by NWS, at |east four of five
i ndex stocks have a probability of 70-80% of being at or above
the threshold level in 24 or 100 years. Assunptions include a
25% reduction in reservoir nortality due to the predator renova
program a relatively |ow survival of transported fish, and no
depensation at | ow popul ation |levels. This nodeling may

under esti mate survival because the STFA nodeling group did not
nodel inplenentation of surface collectors under this Option.
CRi SP/SLCMresults are simlar to FLUSH ELCM results for this
Option. Under certain assunptions NVFS consi ders reasonabl e, at
| east four of five index stocks have at |east a 70% probability
of being at or above the threshold level in 24 or 100 years.

Nei t her FLUSH ELCM nor CRi SP/ SLCM nodel i ng of the scenario
simlar to the reasonable and prudent alternative indicate that
there is a greater than 50% probability that stocks will achieve
recovery levels in 48 years. These results do not indicate,
however, that there is an unacceptable |ikelihood of recovery
under Option 1. Option 1 of the reasonabl e and prudent
alternative is simlar to the 1994 BI OP scenari o, which
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CRi SP/ SLCM predicts to have an acceptabl e |ikelihood of achieving
the recovery goal. |If the operation after inplenentation of
surface collectors involved maxi num col | ecti on and
transportation, the CRiSP/SLCMresults would Iikely show a
greater probability of recovery. |If the adaptive nmanagenent
approach indicated this was the appropriate strategy to pursue,

t hen beginning in 2003 Option 1 would | ead to that operation.

Option 2 nodeling results are not as optimstic as Option 1
results. FLUSH ELCM nodel i ng i ndicates that, under certain
assunptions consi dered reasonabl e by NWS, at |east four of five
i ndex stocks have a 70% or hi gher probability of being at or
above the threshold level in 100 years, based on assunptions of a
25% reduction in reservoir nortality due to the predator renova
program a relatively |ow survival of transported fish, and no
depensation at | ow popul ation levels. CRi SP/SLCMresults

i ndi cate that none of the threshold criteria can be nmet for four
of five index stocks under any of the assunptions nodel ed by the
BPA anal ytical team Neither the FLUSH ELCM nor the CRi SP/ SLCM
nodel i ng i ndi cates an acceptabl e probability that stocks wll
reach recovery levels in 48 years.

Option 3 was not nodel ed by FLUSH SLCM due to time |imtations.
Therefore, only CRi SP/SLCMresults were available. CR SP/ SLCM
results for Option 3 indicate that none of the threshold or
recovery criteria can be nmet for four of five index stocks under
any of the assunptions nodeled by the BPA analytical team 1In

t he absence of FLUSH ELCM nodel ing of the reasonabl e and prudent
alternative for natural river drawdown, NWVFS will assune that
sone indications can be drawn fromthe FLUSH ELCM nodel i ng of the
simlar nodel of the DFOP-2 option. FLUSH ELCM results indicated
a high likelihood that four of the five index stocks would remain
above the threshold | evel and a noderate to high |ikelihood four
of the five index stocks would remain above the recovery |evel
under a natural river drawdown scenario. NMS recogni zes that

t he conparison between Option 3 and DFOP-2 is not perfect because
DFOP-2 includes different interimneasures and an accel erated
schedul e for drawdowns. The drawdown schedul e npbst recently
proposed by COE of conpletion by 2004, however, is close to the
time proposed in DFOP-2. Wile a delay in drawdown nay del ay
recovery, it is likely the stocks will stay above survival |evels
in the near term regardl ess of which hypothesis is correct, and
therefore likely that recovery may ultinmately be achieved. NWS
concludes it is reasonable to consider this nodeling of DFOP-2 as
i ndicative of a positive trend toward recovery under a natural
river drawdown if the hypot heses underlying the FLUSH nodel are
correct.

In addition to the above nodeling anal yses of the three long term

options, BPA submtted nodel runs for the aggregate spring
chi nook conponent of the Snake Ri ver spring/sumer chi nook ESU.
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These runs are described in NWS 1995a. |In general, CRi SP/SLCM
aggregate nodel results for the three options conprising the 1995
Bl OP option were nore optimstic with respect to long term
survival and recovery than results based on the five index
stocks. Wiile the 24-year threshold could not be achieved at 70%
probability under any assunptions for any of the three |ong-term
options, the 100-year threshold was net or exceeded at >80%
probability under all assunptions for Option 1 and under sone
assunptions for Option 3. Recovery goals at 48 years were net
under all assunptions for Option 1 and under sone assunptions for
Option 3.

In summary, under certain assunptions considered reasonabl e by
NMFS, both the FLUSH ELCM and the CRi SP/ SLCM nodel s show a hi gh
i kel i hood that four of the five index stocks will stay above the
survival threshold under the interimaction and at |east one of
the long termoptions (or surrogates of those options) set out in
t he reasonabl e and prudent alternative. Sone of these
assunptions nust be viewed with caution, such as the assunption
in CRi SP/ SLCM of no depensation. (Section IV contains a

di scussion of the treatnent of the depensation function in

CRi SP/ SLCM) Neverthel ess, both sets of npdels show a positive
trend in spring/sumer chinook popul ati ons under the interim
operations and at | east one of the long termoptions over the
next 24 years. The |ikelihood that stocks will achieve recovery
|l evels in 48 years is |less clear fromthe nodeling based on the
actions in the reasonable and prudent alternative as nodel ed by
the nodeling teanms. Modeling of other scenarios that roughly
approxi mate the reasonabl e and prudent alternative reported in
NMFS (1995d) and di scussed above creates greater optim sm about
the |ikelihood of recovery over the long termwhen the right
course is ultimately pursued.

Overall, NMFS finds these results encouragi ng, when considered in
conjunction with nodeling of the 1994 BI OP and DFOP-2. Both
nodel s, each using opposing sets of assunptions, show an
increasing trend in the short term with a high Iikelihood under

some assunptions that survival requirenents will be net. The
reasonabl e and prudent alternative also mninmizes the risk that
the stocks will decline in the interi mbecause the wong strategy

was foll owed.

NMFS t herefore concl udes that the reasonabl e and prudent
alternative does not jeopardize the continued existence of
spring/ summer chi nook because: 1) the reasonable and prudent
alternative is likely to have positive results under either set
of hypot heses; 2) the major nodifications contenplated in the
reasonabl e and prudent alternative will result in significant
survival inprovenents; 3) the nodeling of the reasonabl e and
prudent alternative suggests that stocks are likely to renmain
above survival |evels and nodeli ng of conparabl e nanagenent
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strategi es denonstrates an acceptabl e probability of recovery
once the correct |long term pathway has been chosen; 4) the
reasonabl e and prudent alternative provides a pronpt but reliable
schedul e for conpleting the major nodifications required of the
system under either of the alternatives; 5) the reasonable and
prudent alternative mnimzes the risks of catastrophic
consequence if the wong set of hypotheses are enbraced; and 6)

i npl enmentation of this reasonable and prudent alternative wll
nmean that the action agencies are taking all reasonabl e nmeasures
with respect to the FCRPS to reduce listed salnon nortalities.

2. Snake Ri ver Fall Chi nook Sal non

Qual itative considerations regarding the |ikelihood of survival
and recovery for fall chinook are the sanme as those stated for
spring/ summer chi nook. Mbdeling of fall chinook populations is
even nore optimstic than that for spring/ summer chinook

General information regardi ng nmethods of nodeling the reasonabl e
and prudent alternative is identical to that described for Snake
Ri ver spring/ summer chinook salnon. Details are included in NVFS
(1995d). For Option 1, FLUSH ELCM nodel i ng indicates that, under
certain assunptions considered reasonable by NWS, fall chinook
sal non have a probability of at |east 70% of being at or above
the threshold level in 24 or 100 years. Under a conbination of
optimstic but plausible assunptions (based on the Recovery
Plan), there is a 50-70% probability of being above the recovery
|l evel in 48 years. CR SP/SLCMresults indicate that, under
certain assunptions, an acceptable probability can be achi eved
for both short-termand |long-termthreshold and recovery goal s.

Under the Option 2 scenario, FLUSH ELCM nodeling indicates that,
under all assunptions nodel ed, fall chinook sal non have at | east
a 90% probability of being at or above the threshold level in 24
or 100 years. Under no assunptions is there at |least a 50%
probability of being above the recovery level in 48 years.

CRi SP/SLCM results indicate that none of the threshold or
recovery criteria can be net for fall chinook sal non under any of
t he assunptions nodel ed by the BPA anal ytical team

As noted for spring/sumrer chinook, STFA nodelers did not have
time to nodel the natural river drawdown Option 3 of the 1995

Bl OP. For reasons stated in the discussion of spring/sumrer

chi nook, NMFS consi ders the FLUSH ELCM nodel i ng of the DFOP-2
scenario to be indicative of the positive population trend likely
toresult fromthis Option. Conversely, CRi SP/SLCMresults

i ndicate that none of the threshold or recovery criteria can be
nmet for Snake river fall chinook sal non under any of the
assunpti ons nodel ed by the BPA anal ytical team

Both sets of nodels denonstrate an increasing trend for fal
chi nook under the interimoperation. Both nodels have a high
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| i kel i hood of neeting survival goals. For each of the nodels, at
| east one long termscenario is likely to | ead to recovery.
Modeling results for fall chinook are generally even nore

optim stic than those for spring/sumer chinook. In addition,

t he reasonabl e and prudent alternative appears preferable at this
time for fall chinook because of the |ikelihood that the wong
choi ce coul d have negative consequences. Based on the sane

anal ysis applied to spring/ summer chinook, NMFS concl udes t hat

t he reasonabl e and prudent alternative avoids jeopardy to fal

chi nook.

3. Sockeye

There is no nodeling for sockeye sal non. Because of the
critically | ow population levels, thereis alinmted ability for

i nprovenents in the hydropower systemto provide the necessary

i nprovenents to ensure survival and recovery of the species. The
NMFS expects that survival inprovenents for |isted sockeye sal non
will be of the sane magnitude as those for |isted spring/sunmer
chinook. G ven that the captive broodstock programrepresents
the best alternative for survival and recovery of sockeye, and
that inprovenments in the hydropower system are expected to be
substantial, NMFS concl udes that the reasonabl e and prudent
alternati ve does not reduce appreciably the likelihood of

survival and recovery of |isted sockeye sal non

I X. REINITIATI ON OF CONSULTATI ON

Consul tation nust be reinitiated if: the anmount or extent of
taking specified in the Incidental Take Statenment is exceeded, or
is expected to be exceeded; new information reveals effects of
the action may affect listed species in a way not previously
considered; the action is nodified in a way that causes an effect
on |isted species that was not previously considered; or, a new
species is listed or critical habitat is designated that may be
affected by the action (50 CFR 402.16).

These general conditions apply as well to prospective agreenents,
pl ans and contracts ("prospective agreenents") that the action
agencies use to plan for operation of or to actually operate the
FCRPS and to coordi nate operations with Canada and regi onal
utilities. Exanples include inplenentation of the Col unbia River
Treaty (Treaty) between the United States and Canada, such as by
t he adoption of assured operating plans and detail ed operating

pl ans; arrangenents with Canada for Non-Treaty storage; and
renewi ng and revising the Pacific Northwest Coordination

Agr eenent .

To the extent that the prospective agreenents are used to achieve

operations that are in accordance with this biol ogical opinion,
including its reasonabl e and prudent alternative, reasonable and
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prudent measures, and ternms and conditions, the effects of those
prospective agreenents on Snake River sal non have been consi dered
In this biological opinion. To the extent that proposed
agreenents have effects on FCRPS operations that affect |isted
fish in ways not considered in this biological opinion, or have
provi sions that go beyond inplenenting the operations specified

I n the opinion, those proposed actions may require separate
consultation or reinitiation of this consultation.

X. CONSERVATI ON  RECOMVENDATI ONS

Conservation recommendati ons are di scretionary neasures suggested
to mnimze or avoid adverse effects of a proposed action on

| isted species, to mnimze or avoid adverse nodification of
critical habitat, to develop additional information, or to assist
t he Federal agencies in conplying with their obligations under
section 7(a)(1l) of the ESA. The NWVFS believes the foll ow ng
conservation recomendati ons are consistent with these
obligations, and therefore should be inplenmented by the operating
agenci es:

1. The BPA and CCE shoul d eval uate previous research and, if
necessary, continue study and refinenment of adult spill patterns.
The CCE and Col unmbia River Basin fishery agencies and tribes
shoul d determine the effect of lowlevel, md, and high spil

| evel s on adult passage. Establishnent of optinmmspill
patterns, based on adult passage studies, is likely to inprove
passage success for chinook and sockeye sal non, as well as other
anadronous species. Studies by Mendel et al. (1993) and Bjornn
et al. (1993) indicated that dam passage del ays for chinook

sal non, sockeye sal non, and ot her anadronous species at Col unbi a

and Snake River projects are substantial. Mre recent research
(Bjornn et al. 1994) indicates delays of |less significant
duration, but inprovenents nmay still be attainable. Upstream

passage has been identified as a significant problemrequiring
attention (SRSRT 1994). Spilling to increase attractant fl ows
may reduce passage del ays, increase the use of entrances near
spil Il ways, or both (Bjornn and Peery 1992, Dauble and Muiel |l er
1993).

Spill for adult passage was inplenented at several projects in
1994. The I daho Cooperative Fish and Wldlife Research Unit
conducted studies to eval uate passage of adult chinook sal non and
steel head at the | ower Snake River danms in 1994. |[|f past
research results are inconclusive, evaluate further by continuing
adul t passage research studies.

2. The COE, BPA, and BOR should further investigate adult fish
passage, wWith an enphasis in the | ower Colunbia R ver projects,
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i ncluding: (1) "baseline" survival rates for adult sal nonids

m grating upriver through free-flow ng reaches of the Col unbi a
and Snake Rivers; (2) nortality and interdam | osses; (3) entrance
to fishways during periods of nediumand high spill |evels; (4)

i nvestigation and i nprovenent of adult fishway hydraulics; (5)
eval uati on of the magnitude of adult passage through navigation

| ocks, and (6) evaluation of effectiveness of adult passage
orifices.

One possi bl e nmethod of achi eving i nproved passage is to instal
additional fish |adders at projects with a | adder on only one
shore (Lower Granite and Little Goose Dans). O her Snake and
Col unmbi a River projects with fish |adders on both shores have
fish passing through both north and south | adders. Additional
routes of passage at Lower Granite and Little Goose Dans nay

i ncrease passage success of chinook and sockeye sal non, as well
as ot her anadronous species, particularly during periods of high
spills. An additional fishway would al so allow | adder passage
whil e inspecting or maintaining the other fishway. Another
possi bl e net hod of inproving adult passage is to extend
collection channels at Little Goose and Lower G anite Damnorth
shore entrances. |Inefficient north shore entrances at these
projects result in high fallout rates (Turner et al. 1983). An
| nprovenent in the fallout problemis needed to reduce passage
del ay of chinook and sockeye sal non, as well as other anadronous
species. High spills adversely inpact entrance attraction flows
fromnorth shore entrances due to their proximty to the spil
bays. Mre spill for juvenile fish passage in the future may
exacerbate this problem Channel extensions with entrance

rel ocati on nay address this concern.

I nsufficient entrance depths and insufficient entrance attraction
velocity are factors that negatively affect adult fish passage
(Bell 1991). The MOP operation of the next project downstream

i npacts the ability to neet entrance criteria. Maintaining
fishways within optinmumcriteria for passage reduces mgration
del ays for chinook and sockeye sal non, as well as other

anadr onous speci es.

I nterdam | osses of mgrating adult chinook and sockeye sal non, as
wel | as ot her anadronous species, are puzzling and have been the
subj ect of research investigations such as those by Mendel et al.
(1993) and Bjornn et al. (1993). Fish are known to pass dans by
entering the navigation |ocks, but the magnitude of this behavior
is not conpletely understood (Bjornn and Peery 1992).

The CCE and Col unmbia River Basin fishery agencies and tribes
shoul d revi ew adult passage study data and ineffective adult
passage orifices should be identified. Oifice entrances that
are ineffective in passing salnon should be closed. If adult
passage studi es provide conclusive information, flows from
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i neffective entrances should be shifted to main entrances to
i nprove passage success. Sone structural nodifications may be
needed to i nplenent such shifting of flow

The effects of (1) closing adult collection channels; and (2)
closing sone or nost of the entrances, particularly the floating
orifices, to inprove flow conditions between the fishway
entrances and the base of the fish | adders should be eval uated.
M d- Col unmbi a Ri ver research conducted in 1993 showed that nost

fi sh passage delay occurred in the collection channels
(Stuehrenberg et al. 1994).

Eval uati on and recommendati ons as a result of review ng | ower
Snake River adult migration studies should be conpleted by
February 1996. |[|f evaluation of past adult passage research does
not provide conclusive information, |ower Colunbia River adult

m gration studies, scheduled to comence in 1996, should be

i ncorporated into the evaluation as the annual reports becone
avai | abl e.

3. The CCE should continue to inplenent and refine nodifications
establ i shed under the PIES program and conti nue eval uati on of the
John Day Dam | adder exit sections during the | ower Colunbia R ver
adult mgration study. The exit sections of both | adders cause
adult delay and junping. The reason for this problemis not
fully understood and requires further study.

4. The CCE should continue nonitoring the nmagnitude of fal

chi nook sal non spawni ng activity in the nmai nstem Snake Ri ver
bel ow Lower Granite Damthrough 1998. Surveys in the fall of

1993 and 1994 identified fall chinook salnon redds in the
tailrace areas of Lower Ganite and Little Goose Dans (D. Kenney,
fishery biologist, COE, Decenber 9, 1994, pers. conm). Mainstem
spawni ng may affect project operations and construction
activities in the tailrace areas of Snake Ri ver dans.

5. The CCE, in coordination with BPA, should devel op a program
to conprehensively study engi neering and bi ol ogi cal aspects of
juvenile fish passage through turbines, devel op biologically
based turbine design criteria, and evaluate how well various
prot ot ype designs and nodifications inprove juvenile fish
survival through Kaplan turbines.

6. The COE and BPA shoul d devel op and i npl enent a regional
research facility. The CCE should conplete a feasibility study
to assess existing capabilities to neet projected research needs
identified through the System Configuration Study, the FPDEP
Program and other regional forunms by August 1995. Pendi ng
results, a regional research facility should be in place no |ater
than 1998. Many SCS projects to inprove fish passage involve
devel opnment and eval uati on of conceptual designs that are on the
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| eadi ng edge of passage technol ogy. Such studies could logically
i ncl ude biol ogical/hydraulic studies for devel opnment of various
conponents of passage systens (i.e. fish collection systens,

i nproved tag detectors, inproved counting facilities, etc.).

Bi ol ogi cal and engi neering studies nay require substanti al
changes to existing facilities which would require eval uati on.
As such, there is potential for conflict with current operations
and inpacts to listed species. A dedicated regional research
facility has potential to avoid nmaking najor nodifications to
existing facilities and/or operations while still providing
necessary information for decision nakers.
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XI'l. | NCI DENTAL TAKE STATEMENT

Section 9 and regul ations inplenenting Section 4 of the ESA
prohi bit any taking (harass, harm pursue, hunt, shoot, wound,
kill, trap, capture, collect, or attenpt to engage in any such
conduct) of |isted species without a specific permt or
exenption. Wen a proposed Federal action is found to be
consistent with Section 7(a)(2) of the ESA (i.e., the action is
found not likely to jeopardize the continued existence of a

| isted species or result in the destruction or adverse

nodi fication of critical habitat) and that action may
incidentally take individuals of |isted species, NMS will issue
an incidental take statenent specifying the inpact of any

i ncidental taking of endangered or threatened species.

The incidental take statenment also provides reasonabl e and
prudent measures that are necessary to mnimze inpacts, and sets
forth terms and conditions with which the action agency nust
conply in order to inplenent the reasonabl e and prudent neasures.
I nci dental takings resulting fromthe agency action, including
i ncidental takings caused by activities authorized by the agency,
are exenpted fromthe taking prohibition by section 7(0) of the
ESA, but only if those takings are in conpliance with the
specified terms and conditions.

The reasonabl e and prudent alternative to the proposed action
described in section VIIlI of the biological opinion has been
found to be consistent with Section 7(a)(2) of the ESA. An

i ncidental take of listed Snake River salnon is expected to occur
as a result of the reasonable and prudent alternative. |In the
absence of exact nunbers of |isted Snake River sal nobn expected to
be taken, the approximate nortality rates for |isted sal non
resulting from passage through the FCRPS that were identified in
section VIII.B provide the best available estimte of incidental
take |l evels. However, these quantitative estimtes should be
viewed with considerable caution for reasons discussed in section
IV.B.7 of the biological opinion and in NMFS (1995d).

| f measures described in the reasonabl e and prudent alternative
are inplemented, expected nortalities of |isted sal non passing
t hrough the FCRPS shoul d not exceed: 24 to 86%juvenile and 11.4%
adult Snake River sockeye salnon, 24 to 86%juvenile and 21%
adult Snake River spring/summer chinook sal non, and 62 to 100%
juvenile and 39% adult Snake River spring/sumer chinook sal non.
Quantitative estimates for juvenile passage nortality are based
on sinul ati on nodel anal yses and are subject to caveat regarding
assunptions, as described in section IV.A 7, NWS (1995a), and
NMFS (1995d). The broad range of estimtes represents a
conbi nati on of various nodel assunptions, a range of expected
environnmental conditions, and three potential |ong-termactions
associated with the reasonabl e and prudent alternative.

162



1. The COE and BOR shall incorporate the flow objectives and
ot her relevant provisions of this plan into Pacific Northwest
Coor di nati on Agreenent planning.

For inproved efficiency, the hydrosystemis operated as nearly as
possi bl e as one system under the Pacific Northwest Coordination
Agreement (PNCA). Incorporation of mninmumrequired flows for
salnon into PNCA firm power planning will inprove the ability to
provi de these fl ows each year because of optim zed year-round
syst em oper at i ons.

2. The COE shall evaluate and inprove juvenile spill patterns at
John Day Dam by summer 1996. Spill patterns influence juvenile
nortality at dans.

Est abl i shnent of optinmum juvenile spill patterns is anticipated
to reduce nortality for chinook and sockeye sal non, as well as

ot her anadronous speci es, by reduci ng exposure to predators bel ow
spillways. All other Portland District, COE, hydroelectric

proj ects have been evaluated for juvenile spill patterns.

3. The CCE shall provide independent station service for both
power houses at Bonneville Dam by | ate-1997/early 1998, pendi ng
the results of the Project Power Distribution Master Pl an.

Passage survival tests at Bonneville Damindicate that tailrace
predati on may be substantial (Ledgerwood et al. 1990). Northern
squawfi sh are najor predators of juvenile salnonids in the

Col unmbia River Basin. Results of sw mm ng perfornmance tests

i ndicate that high water velocities exclude or reduce predation
by northern squawfi sh due to their inability to hold position
(Mesa and O son 1993). Providing station service capability at
each powerhouse woul d enabl e project operators to concentrate
power house flow at either powerhouse to maxinize tailrace flow
and mnimze predation in the tailrace.

4. The BPA shall provide for sanpling of juvenile fish at al
dams with sanpling facilities.

Monitoring for fish condition is necessary in order to detect and
rectify juvenile fish passage facility problens that can descal e,
injure or kill fish. Sanpling capability is also required for
approved nonitoring prograns and research.

5. The CCE shall operate McNary Dam accordi ng to speci al
operating criteria to mtigate adverse warm water conditions that
periodically occur in the summer. The COE, in close coordination
with NMFS and the States and Tribes shall:
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a. Define paraneters to be used to determ ne when fish cannot
cope with additional stress of powerhouse collection and
hol di ng/ 1 oading facility.

b. Continue the collection of thermal profile data in the
sumer, including use of 24-hour recording thernoneters to
nmeasure diel tenperature changes. Intensify water
tenperature nonitoring and be prepared to inplenent
energency neasures when gatewel | tenperatures in operating
units approach 68 °F.

c. Abrupt changes in powerhouse operations (i.e. unit start up
/ st oppages) shoul d be avoided during critical warm water
t enper ature peri ods.

d. Transport collected fish every day when critical warm water
tenperatures exist in juvenile holding facilities.

e. Eval uate whet her northern powerhouse | oadi ng shoul d be
conti nued.

f. Provide additional biological staff during sw ng/graveyard
shifts if needed to enable a quick response when there is
potential for a thermal stress problem

g. Wien facility nortality exceeds six percent of the daily
collection for three consecutive days, and/or nortality
exceeds 10,000 fish in a 24-hour period, the CCE shal
consult with NMFS and the States/ Tribes to determ ne whet her
operations should be nodified. Revised operations nmay
i nclude term nating powerhouse collection and initiating
passage of juvenile fish via the spillway to the maxi num
possi bl e extent.

h. Eval uate whet her an energency water supply source for the
juvenile holding/loading facility is needed. Provide
recommendati ons to NVFS by the end of 1995.

i. Reevaluate the design of the prinmary dewatering screen
cl eani ng system and i npl enent necessary nodifications to
i nprove performance as soon as possi bl e.

j. McNary Project operators, North Pacific Division-RCC and
BPA shal |l coordinate planning relative to capability for
pronptly shifting |oad and inplenenting spillway passage
when thermal -rel ated nortalities trigger the need for
energency project operations to protect juvenile mgrants.

k. Provide permanent shadi ng over raceways to reduce sol ar
radi ati on. Conpl ete construction by the end of 1995.

| . After the spring migration, but before the summer migration
period, inspect and clean (by pressure washing) screens at
the primary dewatering structure.

m Eval uate nethods for inspecting primry dewatering screens
during the mgration season without having to dewater the
facility. Provide recommendations to NVFS by the end of
1995.

6. The COE shall inprove hydraulic conditions in both Bonneville
Dam power house juvenile fish collection channels by 2000.
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Exi sting dewatering screens do not neet current NMFS screening
criteria and excessive fish delay and exhaustion has been
docunented at the second powerhouse (Krcma et al. 1984; Dawl ey et
al . 1993).

7. The CCE should evaluate all nodifications to fish bypass and
collection facilities to assure that they work as desi gned and
cause m ni mal adverse effects to fish passing through them

Post - construction evaluations are needed to ensure that flows are
adequat e, construction debris has been renoved, and surfaces are
snooth and free of any obstructions that could harmfish.

8. The CCE shall evaluate the relative benefits of establishing
di spersed rel ease sites by short-haul bargi ng and/ or constructing
multiple flume outlets at dans. An increase in predator

popul ations as a result of damcreated artificial habitat and
concentrating prey is a factor for the decline of each listed
Snake Ri ver sal non species (NWVFS 1991a,b,c). Ildeal foraging

envi ronnments have been created bel ow mai nstem dans. Si ngl e- poi nt
outfalls allow predator concentrations to form thereby
increasing snolt nortality (Mesa and O son 1993; Ledgerwood et
al. 1990). Dispersed release sites nmay reduce the effect of
predat or concentrations on juvenile nortality.

9. The COE shall conduct studies to identify (a) Caspian tern
predati on of juvenile sal nonids, and (b) methods to di scourage
tern nesting. The Caspian tern, Sterna caspia, population in the
| ower Col unbia River has increased significantly. The tern
colony at Rice Island (an island created by dredged nateri al

di sposal by the COE) is the largest on the west coast of North
Anerica (G Il and Mewal dt 1983). The NMFS believes that this
colony has the potential to consume | arge nunbers of snolts each
year.

10. The CCE shall provide hydroacoustic nonitoring of juvenile
sal non passage through the powerhouse, spillway, and sl uiceways
at Ice Harbor Damduring the mgration in 1995. Simlar

hydr oacoustic nonitoring shall occur at The Dalles Damin 1996.
Pl anning for the 1996 passage season shoul d occur as soon as
possi bl e to ensure equi pnent is available, and that needs can be
et .

The intent of this task is to investigate the passage behavi or of
juvenile salmon mgrants, both in passage |ocation and tim ng.

Secondly, the purpose is to estimate spill effectiveness under
differing project operations to determne if and how t he
ef fectiveness of spill in passing mgrants can be enhanced.

11. Beginning in 1995 BPA will evaluate the affect of power
peaki ng operations on juvenile and adult sal non passage and on
the river ecol ogy downstream of Bonneville Dam and on the Hanford
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Reach, downstream of Priest Rapids Dam Contingent on the
results of these evaluations, BPA will develop a plan to decrease
power peaki ng operations from m d-March through m d- Decenber on

t he | ower Snake and Col unbi a Rivers.

Passi ng nore water through the powerhouse when the denmand for
power i s high and reduci ng power house fl ow when power demands are
low is termed power peaking. Power peaking causes daily
fluctuations in discharges, which result in substantial variation
in adult passage success (Bjornn and Peery 1992, Daubl e and

Muel  er 1993). A greater operating range in reservoir elevation
al l ows i ncreased power peaking, i.e., increased powerhouse fl ows
during the day and |lower flows during the night. Zero-flow for
4-5 hours at night has not been shown to delay adults, adult

sal non generally not passing dans at night. However, increased
power house di scharge has been shown in a nunber of studies to

I ncrease del ay (13-83% hi gher passage with | ower powerhouse

di scharge; 40% reduction in powerhouse di scharge doubl ed net
passage) and nmay increase nortality of adult salnon. Delay of
juvenile salnmon in the forebay of a powerhouse al so occurs with
decreases in discharge, particularly at night when a nmuch hi gher
percentage of juveniles is passing (nighttinme spill would
alleviate this effect).

12. The CCE shall investigate and renmedy water pollution
problenms within fishways and gatewells that nay contribute to
fish nortality. The EPA, in coordination with the state water
quality agencies, will provide oversight and reconmendati ons for
renedi es. Fish avoid or are affected by some chem cal s and odors
(Bell 1991, Dauble and Mieller 1993). Reducing river pollutants
in general, and particularly at projects where passage through a
fishway is necessary, may increase adult chinook and sockeye

sal non passage success and reduce nortality, as well as that of
ot her anadr onbus speci es.

The COE's PIES program has identified inprovenent of water
quality in the fishways of Bonneville, The Dalles, and John Day
Dans as one of its actions. Simlar efforts should be directed
at all Colunbia and Snake River projects.

13. The CCE shall continue 24-hour counting at |ce Harbor and
Lower Granite Dans, and counting during non-nanual counting
periods at Bonneville Dam (particularly at night) to bol ster
current know edge of adult mgration and dam passage. | nterdam
| osses of migrating adult sal non are puzzling and have been the
subj ect of research investigations such as those by Mendel et al.
(1993) and Bjornn et al. (1993). More precise counting nethods
are necessary to expand the know edge of chinook and sockeye

sal non mgration characteristics and problens. Information on
adult mgration characteristics for other anadronous species wll
al so be obtained. The FPP should be revised to reflect full tinme
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counting inplenentation at the aforenentioned dans by March 15,
1995.

The CCE shall prepare a report on the current adult fish counting
program whi ch details counting procedures, suitability of
alternative counting techniques in different counting situations,
and recomrendations for inprovenment to the existing counting
program This report should be reviewed by the Fish Facilities
Qper ations and Mai ntenance Subconmmitt ee.

14. The CCE, BPA, and NMFS shall conplete the design and

devel opnment of adult fish PIT-tag detector systens in adult fish
passage facilities at nminstem dans i medi ately, followed by
Installation with no adverse effect to adult passage. Adul t
PIT-tag detectors will provide valuable information on adult

chi nook and sockeye sal non returns and interdam | osses, as well
as for other PIT-tagged anadronobus speci es.

15. The CCE shall procure spare parts for all critical
conponents of adult fishway facilities. On-site spare parts
reduce down tinme and reduce adult chinook and sockeye sal non
passage delay, as well as that of other anadronbus speci es.

The COE's PIES program has identified procuring fish punp spare
parts at John Day Dam as one of its actions. Procurenent of
critical conponents of adult fishways at other projects should be
simlarly prioritized.

16. The CCE shall devel op enmergency auxiliary water supplies for
all adult fishways where determ ned, in coordination wth NVS,
to be necessary. Energency supplies are needed to maintain
fishways within optinmumcriteria for passage in the event of
turbine or punp failure. Miintaining optimumcriteria wl]l

i nprove dam passage success for chinook sal non, sockeye sal non,
and ot her anadronpus species. An engineering study is needed to
eval uate design options for Colunbia and Snake River dams. The
study of | ower Col unbia project needs should be conpl eted by My
1995. Evaluations of those needs can be programred shortly
thereafter, and inplenented as determ ned through the appropriate
processes. Evaluation of energency auxiliary water supply
capabilities at the | ower Snake projects should be conpleted by
March 1996. A schedule for conpleting design and installation,
wher e needed, should be conpl eted by Novenber 1996.

The CCE shall install enmergency auxiliary attracti on water system
at The Dalles Dam Adult attraction flows at The Dall es Dam are
provi ded by two fish turbine units which power punps used to
furnish tailrace water for auxiliary attraction flow. These
units have been upgraded to inprove reliability under the PIES
program However, in the event of equipnent failure, there is a
substantial risk of blocked passage for adult chinook and sockeye
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sal non, as well as other anadronpus species. Installation of an
energency auxiliary attraction flow systemwould address this
potential problem and shoul d be pursued. Design of an energency
auxiliary attraction flow system should begin imediately, with
installation as soon as possible. At this tinme it is unknown
whet her a conventional screened juvenile bypass systemor surface
col l ection bypass systemw || be constructed at The Dal | es Dam
In either case, the design of the new facility should consi der
havi ng capability for routing excess water to the east adult

fi shway as an energency auxiliary attraction water supply source.

17. The CCE shall nonitor river water tenperatures and

i mpl enment, when possi ble, tenperature control neasures in the

| ower Snake River, such as rel easing cool water from both

Dwor shak Dam and the Hells Canyon conplex (Hells Canyon, Oxbow
and Brownl ee dans) during August and Septenber. Hi gh water
tenperatures negatively affect the life history of sal nonids,

i ncludi ng growt h, disease resistance, mgration, and spawni ng.
Al t hough hi gher tenperatures are frequently encountered during
m grations (dependi ng on species and | ocation), maximm opti mum
tenperatures for chinook and sockeye sal non are approxi mately

58°F (Bell 1991). Measures to decrease water tenperatures my
reduce stress and contribute to greater passage and spawni ng
success for chinook sal non, sockeye sal mon, and ot her anadronous
speci es.

The CCE controls the operations of Dworshak Dam and the |daho
Power Conpany controls the operations of the Hells Canyon

conpl ex. The Biological Opinion on 1994-1998 (peration of the
FCRPS specifies flows from Dawrshak that are to be used to
decrease fish nortality. Federal Energy Regul atory Conm ssion

|l icenses for projects that affect |isted species, such as the
Hel | s Canyon conpl ex, should be subject to consultation so that
the necessary fishery requirenents to benefit |isted species are
i ncl uded.

Eval uate by 1) upgrading the COLTEMP4 water tenperature

predi cti on nodel using the data and know edge gai ned from al
previ ous water tenperature control operations and nonitoring; 2)
adding to the existing water tenperature data nonitoring network
provi sions to coll ect neteorol ogical and hydrol ogi cal data that
will identify the effect of tributary watershed nanagenent and
resulting inflow tenperatures on nai nstem Snake Ri ver water
tenperatures; 3) adding additional water tenperature and water
vel ocity nmeasurenents in the | ower Snake River, and 4) anal yzing
| adder counts.

The CCE and CRI TFC should nodify the COLTEMP4 nodel. The

Col unmbi a River Basin fishery agencies and tribes should anal yze
| adder counts and nake recomrendations for benefitting fish.
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Tenperature control neasures should be inplenented, if necessary,
by July 1995.

18. The CCE shall provide for water tenperature control in fish
| adders. El evated water tenperatures negatively affect upstream
m gration and contribute to the potential for infectious disease
(Daubl e and Muel l er 1993). Sumrer water tenperatures in the

Snake and Col unbia Rivers often exceed 70°F. Water tenperatures
in |adders can be even higher than anbient river tenperatures.
Ladder water tenperatures should be simlar to or slightly |ess
than tailwater tenperatures during sumrer nonths. Shading,
installation of sprinklers, and punping cooler water fromthe
dept hs of forebays into | adders are possible nethods to reduce
wat er tenperatures in |adders and inprove passage success of

chi nook and sockeye sal non, as well as other anadronous speci es.
The efficacy of one or nore of these neasures shoul d be

i nvestigated in 1995, a prototype (or prototypes) should be
tested in 1996/ 97 (dependi ng on the measures sel ected), and
installation of the preferred alternative(s) should be conpl eted
by March 1997/ 98.
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